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ABSTRACT e eme el e
. .._.;:-.;_.ujf,fIn«the'first‘part‘ofitbis_papér,rthe.pﬁrpOSes‘Of' o
=$behayioral‘objectiveS-are out1ined:researchfisitﬁenjéummarizéd,,w R
* ‘including the influence of knowledge;O£Jthg.béha?iorﬁ@;dbjec;i?és on .-
a‘léarne:!s~pefformance;_teaCher’recoghitiqﬁzofAbehaviorélﬁ'" T
* objectives,’ and student attitudes to behavioral objectives. The — ..
second part presents a summary of methods..of constructing learning

hierarchies. The research topics outlined include the structure and
‘effiCiencﬁ*oﬁfexpert~versus’studeﬁﬁ.generatedjhierérchies, ) -
" relationships between pErfqrmag¢ﬁ$7Qh;adjacentalevelsrof.a_hierarchy, -

and the psychemetrics of learning hierarchies. Each part of this -

- .paper contains a table of the research hypotheses investigated, with-
a listing of. supporting and non-supporting experiments ‘reported, -

. ‘Although most of the research reviewed refers to mathematics and
science, Studies. in other areas are also included. (M) - .
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': mation concerning mathematics education documents analyzed at the ERIC
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Mathematics Education Reports are<being developed to disseminate infor-

A

sy

quormation Analysis Center for Science, Mathematics, and EnVironmental Educa- A:j:

? tion. These reports fall into three broad categories. Research reViews summarize A

*o -

~“aand analyze recent research in specific areas of mathematics education._ Resource .

-;1development of future Mathematics Education Reports are esxablished by the L

,guides identify and analyze materials and references for use by mathematics

Vteachers at all levels.o Special bibliographies announce the availability of .

documents and reView the literature in selected interest areas of mathematics

»

f'education. Reports in each of these categories may also be targeted for speCificy

0.. -

subopopulations of the mathematics education commun*ty. Priorities for the \f

\

\

’“1_advasory board of the Center, in cooperation w1th the National CourCil of

9

o

Teachers of Mathematics, the Special Interest Group for Research in Mathematics

e Education the Conference Board of the Mathematical Sciences and other professional

»

R suggest:ons for future Reports are always welcomed by the editor.

groups in mathematics education.‘ IndiVidual comments on past Reports and ""b -
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v
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,a-u,This paper rev1ews recent research on- behav1oral objectlves and on learhlng

PN

'_hierarchles. The paper ‘was: commissxoned by ERIC/SMEAC because of 1nterest 1n _ .
_these areas by sc:ence and ma hematics educators., Al*hou?h the majorlty of "] _;ﬁ S
;: _research reviewed refers speclfically to mathematlcs and sclence 1earn1ng, the
'review doee include studzee uone -n other subject areas._ L - e
A crlque feature of thls review 13 the tabulatlon of research 1nto eupportlng f“'
f'and nonwsupportlng categorles arranged by general research hypotheses. Hhen these
t. . - . -.?< . _‘
Vflfables (pp._lg 20“and pp,.57 61) are ueed in conjunctlon w1th»the paper s exten-f
~;1~31ve biblzography, the reader can structure research in these areas very qulckly._
B . Jon-L. ﬂlgglns E \
i detor ' S o
. )
. : m . ‘.
.. _ o %‘ B - |
Hﬁ\.? ThlS publxcatlon was prepared pursuant to a contract_flthvthe: ff::?
" Edueation; ‘U. S. Department of Health, -Education -and Welfare ontractc
Dtaklng such pr03ects under Government sponsorsh;o are en"uraged"' ]

"fifreely the;r judgment 1n professxonai and techn1cal matters.
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A REVIEW-OF RESEARCH ON BEHAVIORAL OBJECTIVES DR

Coe . - . AND LEARNING HIERARCHTES . ., T . o
fluenryiﬂvvwalbesser o B F;gz_' I Theodore A E1senberg
- University of Maryland . T Northern M1ch1gan Un1versity

.~

R -

Researchers pursue the 1nvest1gat1on of phenomena by exam1n1ng relation-: .
t'rships among - two. or: ‘more varlables. “But’ productive researchers appear not. to "=fnp' -
fb11nd1y select variables ‘on wh1ch to collect data, rather they select variables |

:'that hold the promise of exp1a1n1ng some particular phenomena under 1nvest1ga-

e t1on.. Often, in the behav1ora1 sciences, variables ‘are samplpa because they may

' account for a11 or part of a source of observed variance. Invesr1gat1ons of
'behav1ora1 obJectlves and learning h1erarch1e- has been an area of 1ntense L
‘research act1v1ty in recent years.» Much of +h1s research has focused upon the f-‘ o
Wobserved variance in acquisltlon, rate of acqu151t1on, forgettlng end rate of

_forgettlng among 1earners. The follow1ng narratlve 1s a rev1ew of th1s 11ter- R

'5fature. - “»;” e e B :,,1 S o,

o T

The rev1ew 1s separated 1nto two sect1ons. The f1rst section renorts the

w11terature on. behav1ora1 obJect1ves.. The second sect1on descr1bes the 11terature
. on’ learning h1erarch1es.LA7“; e s T ".n“”‘_i

™

s R R |
Sectlon,One _' 7 » '
o Behav1ora1 UDJectlves et t_jf i A

The behav1ora1 obJectives rev1ew 1dent1f1es the resear’n litorature, attempts -

‘ to organlze the 1nvest1gat10ns 1nto research themes, and summariaes the cvrrent

';;_level of knowledge for. each of the themes nameu.j The morallty of benav1ora1 5“’"”;

»obJect1ves as good or bad for 1nstruct1on, or currlculum development or evalua-?ﬁmftf.
tion is; not con51dered a purpose for thlS rBV1ew..'Rather, it 1s algued that the“*f“fff

best service to the educatronal research community,is rendered by examining
the 11terature for those 1nstances where behav1ora1 obJectlves have been used
as an 1nd.pendent or dependent variable, and avoid entering 1nto still another JK‘ ;

polemlc about behavioral ob;ectives._ The search attempted to locate researchable ”




- P051t1ons About Behav1ora1 ObJect1ves-" T o o ‘ ‘
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Mucu of the 11terature on behav10ra1 obJect1ves does not concern itself

‘with research - even under a most generous 1nterpretat1on of what const1tutes .

H v !\”
M research These expos1t1ons resemble a sequence of ant1e1ren1cs. 1In comment1ng '

. on the current 1ntens1ty of the behaV1ora1 obJectlves dialog Eisner (1)- observed RN
vo/_“ -’—-- the statement

aucat1ona1 obJect1ves should be stated in: behav1ora1 terms"'w”
has been elevated -~ or: lowered pmine to a1most slogan status - u'- "o

k4

Proponents of behav1ora1 ob3ect1ves such as GagnP (2), Glaser (3), Kurtz (4),
L1ndva11 (5), Mager 6, Popham (7),_Ty1er (8), “and. Walbesser (9) usually cite

tne advantages of hav1ng a student and teacher kn ow where they are go1ng and how

to evaluate the1r progress.‘ 0pponen+s of behav1ora1 'bject1ves such as Arnst1ne (10),

. Atkin (11), May (12) MacDonald (13), and ‘Rat hs/(14)vusua11y argue chat prec1se

obJect1ves may h1naer ‘the’ full deve10pment of/the sfudent‘or force the teacher-and

sfudent*1nto an" 1nf1ex1b1e 1nstruct10na1 mode. There is 11ttle eVidence that any

construct1ve 1nterchange between these. p051t1on has yet- occurred The nature of

def1n1t1ve experlments that m1ght resolve.one or more of the d1fferences between
these p051tlons have not ‘been proposed and from ‘the standp01nt tnat these are

. value p051t1ons, resolut1oh on an emp1r1ca1 bas1s may not ever be poss1b1e.

The Assoc1at1on of Behav1ora1 ObJect1ves and Evaluat1on e

&

N N AT - “
Advocates of clearly >tated obwectlves are not new 0" the educat1ona1 narratlve. >,
The wr1t1ngs of Pre ton Scarch (15), Freder1c Burk (16), Carleton Washburne (17),
Helen Parkhurst (18), and E L” Thcrndlke (19),za11 sunport thls c1a1m. .

C L As early as 1913, Charters and M111er (20) used analys1s of learner errors 1

to 1dent1fy :and specify obJect1veS”for educat1on.; By*focus:ng on-wbat the learner f
was do1ng that could be observec, the1r wnrk resulted in what ‘may be the first '

v-—eollect1on—of obJect1ves_wh1ch were restr1cted to descrlblng learner performance.

Bob 1tt (21), another early advocate of elearly stated performance obJectives ;‘};'
. ”rote 1n 1‘18 ,)-_.4 ;“; ¥~;»:}'”"¢* ,u-- s 'H_g ;%- EROE E

VR *- Human 11fe however var1ed con51sts 1n 1ts performance of
B IR spec1f1c act1v1tleso.

Educatlon that prepareS‘for 11£e 1s I
Sel .. oné that prepares def1n1te1y and adequatelv for - these spec1fic e e
’ -77j act1V1t1ea.

ZHowever numerous and d1verse they may be for any fal Lo E

Q_'f soc1a1 class, theyncan ‘be” d1stovered Th1s requlres that one
: .

~-“go_out:gggg_thE‘worIﬂ—of—affaIrs—and—dIscover—the*particuIars 33Ju-“1?:




;k\\mof Wthh these affalrs con51st These w1ll show the ab111tles,v ,

'_hablts, appreclatlons and forms ‘of knowledge that men need. T “ -
These will be the. objectives of the currlculum.. They w1ll be ' |

" o numerous, def1n1te, and partlcularlzed ’ 1

l-nTTWO'Othel art1cles by Bobbltt ‘22 23), propose zhis same view as do the ertlngs L

of West (2%), and Grimes and Bordln (25). S il _;' oL -_‘ 'Vﬁ'7'

, Among the most 51gn1f1cant early contrlbutlons to the 11te1ature -on behav-
: : ioral obJectlves and their. "elatlonshlp to. evﬂluatlon was Ealph W. Tyler. *The
' :concerns of Tyler focused upon questlons of measurement HlS argument was that |
,ﬂclearly stated obJectlves were a necesSary cond1t10n for the constructlon of . apprc-
“Jprlate measurlng 1nstruments In 1934, Tyler suggested these character1s+1cs.
for an. obJectlve o ,_ B : _ . , ‘
. . Each obJectlve must be def1ned in ‘terms whlch clarlf} the k1nd _ _
" of behavior which. the course should- help to develop among the .
.students that 1s to say, a statement 1s needed Wthh explalns
' the meanlng of the oojectlve by descrlblng the reactlons we. can
_expect of persons. who have reacned the obJectlve.; This helps
to make clear how  one: can tell when tne objectlve 1s being atta1ned
, -~ since those who are reachlng the obJect1ve will be characterlzed A

e | by the behavior spec1£;ed in this analy51s..(26)

@ ’.

ﬂ’,More recently Tyler (27‘ advocateu a thorougn -examination of the needs of soclety

fs well ‘as -the. needs of learners to develop 'statements of educatlonal obJectlves. o

Efforts have been made to. descrihe\ehacatlonal pr10r1t1es in terms of. P

Vs

"vspeC1f1c obJectlves. 'The M1d Centul, Commlttee on Outcomes in Elementary Educa- d

~ tion attempted. to 1dent1fy and name de51rab1e obJectlves of elementary educatlon '-”
; :1n‘terms of" ohservable performances. (28) The Mid- Century Commlttee was sponsored
-;5} by the Educatlonal Test1ng Serv1ce, the Russel Sage Fovndatlon, the'Un1ted otates-
"VOfflce of Educat101 and the Denartment of Elementary School Prlnclpals of the “
'TNatlonal Educatlon ASSOCla 1on., A 51m11ar effort was made by the Survey Studyl
- of Behavioral Outcomes of General Educatlon which atfempted to de11m1t the-fu:_
iu;e;;;obgectlves of Amerlcan secendary schools. (29) The Taxonomles of Bducatlonal

S ﬁ_x_v

'“ffObJectlves offer c1a551f1catlon systems for categorlzlng*object1ves into- typestz PRI

T“"\D

'5of behaV1or, rather than the llstlng of 1nd1V1dual obJectlves.‘(SO 31 39) 'fiﬂif“f?:

Lffs—”Gagne has proposed another cla551f1catlon system that organlzes around cond1t1ons
- ;.‘“ B - - N B ". ' :".7 . »

- . : S




- N v-//*: 1earn1ng, apd are supposed to tell ‘the teacher and the stuaent o _
o | * ‘the degree to wh1ch both. haye been successful in the1r achleve- : v];'f,"nﬂ

- 47

~

2
- . . . -

o

.of learnlng. (33) The most recent(fashlon 1s to complle collectlons of behav-

ioral objectlve statements., Wotable among these efforts are PRIMES The - e

Westlnghouse Learn_ng Corporatlon, the ULLA Bank VUSELS 801ence-A Process

- Approach;-and the Reg1onal Educatlon Laboratory of the Carolivas -and V1rg1n1a.f )
(34,35,36,37, 38, and 39) . A

RBehavioral obJecflves continue to be assoclated w1th evaluatlon efforfs

~ John Flanagan expressed che contemporary corcern for evaluatlon and the place
of behav101a1 obJectlves when ‘he wrote: ,' e ‘f;»;' o '1~7f“'

—

N However, large sums have alreadv been spent on programs and
' ,1nnmyat10ns wathout aceqpate plans and procedures for evalua-
vtlng their effectlveness. If these programs are\to result ,
. in 1mprovement and progress for Amerlcan educatlon'-- rather

| than merely in changes that substltute-partla ly effectzve
procedures for the traditional ones -- educatlonal outcomes'

must be systemaflcally evaluated (40) N 1"j”' Ve T

S Atkin has also endorsed the. need or obJectlve ev1dence from currlculum

_ developers. Atkin wrote "Those who suggest that currlculum be modlf:Le’1 have

the respon51b111ty for demonstratlng the’ de°1rab111ty as well as the fea51b111ty
' ofvthc mod:flcatlon they suggest "(41) ﬂf - “\,:.

Y
-

-

Ebel lends additlonal substance to- the” objectlves evaluatlon assoc1atlon.'

He'observed that "The flrst problem~1s to determlne what the school's educational\.

N
*obJectlves ought to be. A, second ,closely related problem 1s to state these '

_obJect1Ves clearly enougn to prov1de unequ1voca1 gu1des to test select1on and

use. "(42) Mager has also relnforced the eX1stence of thls relat1onsh1p nhen
_-he Wfote°‘ S O *

. Lo
. L e s . S : ) m- oo
o B . .

L ; : s SRR ST =en;un;

Tests or exam1natlons are the mlleposts along the road of

ment of the course obJectlves. But unless goals are clearly

/

andsflrmly f1xed in ‘the’ m1nds ot both. parties, tests are at.“'

best mlsleadlng, at worst, they are 1rre1evant, unfalr or use- :
"; vless "(4 ) ' _f;..- l?-f[ j_ - ig:.v f~’ﬁ< - f' .' .
Two excellent revrews oféthe 11terature on. the,current state of the

o s

. .

- N . ) . N Do, o0 . . N e T i e e
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and Wayne Welch An’ the Amerloan Educat10na1 Research Assoc1at10n Revlpw of

Educat10na1 Research on Sc1ence and Mathematlcs Educatlon (44 45)
\Summarv. ThlS part of the behav1ora1 obgectlves 11terature is- clearly expoqlt-on.d
No resewrch was found Gagne//uamarlzes the problem when he observed "Bloom*"s

technlques for def1n1ng obJectlves haVe been tr1ed out on a number of unlver51t1es

: wath resnect to achlevement testlng and evaluatlon programs. Perhaps 1t is unfor-.

rtunate that the 'evalpatlon' carrled‘out by means of these procedures has not
tself been evaluated in some - controlled fashlon."(46) - S

*y .-
R . et _,,,_ ; L : . . )

1ra1n1ng Manuals on Behav1orat'0bject1ves o b 354 - ._~ ; ﬁh,

m_'

o .

¢
C

‘The 1nterest 1n behaV1ora1 ob3ect1ves has been \ccompanled by the develop-

. ment 9//trarn1ng manua]s on: constructlng behav1ora1 obJectlves.» Examples or

—

rava:.lable manuals are. ,? S

L Duty Oriented- ObJectlves U.S. »Army e e
;Army. - Fort Lee V1rg1n1a.’ 11984 = 66 - 1500 - ~ s

s ;. The Deve1~Ement ‘of Training ObJectlves. ‘Robert G. Smith, Jr ~—Re3earch _

o Bulletin Ii. Human Resources Research Office, The George’ Washlnpton Unlver-
L 4L51ty, Al andrj a,. Vlrglnla. 1964.3~_". : ‘, P \\\\; . i
T Preparlng In tructional’ ObJectlves. Robert Fu Mager. Palo Altoi Fearon o

. Publlshers, 1962 O NSO

: BehaV1ora1 ObJectlves g hg the Affectlve Doma1n. Albert F Ezss and Mary

Biatt Harbeck. Wash1ngton, D.C.: Natlonal SC1ence Teachﬂrs Afsoc1at10n,
1969. -7 L g e — : e

3

lConstructlng Behav1ora1 ObJectlves. "Henry H. Walbesser. College,Park:
Maryland Book Exchange, 1970: (Second. Edition). ' ST

o 'Developr_g Attitude Ioward Learnr_g_ Robert F Mager.- Palo'Altéz f?earon
T;muﬂm_ﬂpubllshers, 1968 o _ i AT P

. ' PR DEE
ObJectlves for Colle e. Courses. A;iM.fCohen; Beverly Hllls, Callfornla. .
Glencoe Press, 19 70. ;~:n,K - e : L

) \

i’

"'l

Systematlc Instructlon.. W James Popham and E.sL Baker.n Englewood C11ffs;
New Jersey Prentlce-Hall, rhc., 1970 ' ~

'Wr1t1 g Behav1ora1 @bJectlves. H H \McAshan./ New York T Harper and Row,

— LaeTeL L T L Fe R R T

fiConstructg_grInstructlon Based on. Behav1ora1 Ob'ectlves, A Manual for ,
'Collgge/Teachers.a Henry H, Walbesser, Edwin- B.-Kurtz,-Larry v Do Goss, and
Richard M. RoblL. - St111water, Oklahoma: Department of- Aerospace and

f Mechan1ca1 Englneerlng,“Oklahoma State Un1ver51ty, 1971 o

_.'\
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Pl Perhaps the largest concentratlon of 1nrerest and research on. behav1oral
*Ob}éCtlves concerns the effects of prOV1d1ng the learner'W1th varlous forms of
- p;lnformatlon.: ‘The questlon central to the behaV1ora1tobJect1ve anvestlgatlons
' ':-1n this" area is | thlS" Does the amount of 1nformat10n the learner pos esses
"-j:about the- ObJeCtIVeS of 1nstru tlon arfect his learnlng? Gagne argues that

“

="Te111n" the learner what 1s to be hlS performance when 1earn1ng is complete
[Q;;'fUnctlons as, d1rect10ns that seem to be of con51derable 1mportance 10 the..

.}alearnlng process. (47) Behav1oral obJectlves 1n thlS V1ew are one category

;fpwof_lnformatlon. : SN pe e T '

Gagne amp11f1es hlS v1ew of the 1mportance.of 1nstruct10ns (as d1rect10ns) »
”éby conJecturlng that 1nstruct10ns in a. 1earn1ng sr;uatlon fu1f111 four functlons.f"f
(a) they 1nform the learner of the performance that is expected of h1m, (b) they?5 if‘
\?p‘ br1ng about an 1dent1f1cat10n of the elements 1nvolved 1n th task (c) they _fﬂf-““

/He also suggests -wo potentral explanatlons for the predlct1on that the probablllty
- of the learners atta1n1ng a solutlon/wlll be reduced 1f 1nstruct10ns are not :
' 1ncluded" One explanat17n is that such 1nstruct10ns may proV1de cont1nu1ng o w;'if
”'1,"d1rect10n" to learnlng, 1n the sense suggesteo by Ma1er (49) Thls may
‘h;mean that they establlsh a set wh1ch 1s “qarrled in hlS head" by the. learner
,_throughout\the perlod of learnxﬁg, ‘and which makes it possxble for h1m to reject
:extraneous ‘and. 1rrelevant st1mu11. Another possible explanatlon is- offered bf“
~Gagne 1s that d1rect10ns telllng the learner about hlS P&pected perfbrmanceer_ v
y 'enables h1m to match hlS d%n responses w1th a response class he remembers, ,6:5;n
"WAlﬁhence playlng a re1nforcement functlon., ThlS mlghf‘be called a’ "know when hls‘
" . . 1is correct" explanatlon. Both explanatlons offer exc1t1ng p0551b111t1es for )
e“ﬁ{iresearch _ No test of these explanatlons was found 1n the 11terature sEarched 4_1-1’§~-

3

»“4.1- - Maltzman and Morrlset reported an 1nvest1gat10n on- the effect of - tasP < -

'1nstruct10ns on the percentage of solutlons fbr d1fferent classes of anagnams (SO) ';35;

pglven to one of the groups.\ The subJects weru,'

}wrth a correct answer if they found some other“solutlon.‘ The effect of 1nstruch
N thHS ‘on SOIV1ng classes of anagrams was szgnif1cant at the 0. 05 level

WA FuiiText Provided by ERIC
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Maier's. class1cal study on problem solv1ng contr1butes to "the knowredge ST
'about 1nformaflon effects on learn1ng (49) In- thlS exper1ment the learner was- “
-.uplaced 1n a room which conta1ned only a worktable.. The subJect was then g1ven
iipoles, wire, chalk and several clamps. His task . was to’ construct two pendulums v
" such that’ each would make a chalk mark\at a de51gnated ‘point on the floor when
iswung over it. Some of the subJects in the experlment were glven addltlpnal
'1nstruct1on concern1ng prev1ously learned pr1nc1ples such ‘as’ how to make a long
pole out of two short ories, u51ng a clamp Another exper1mental group was given-
- an add1tlona1 1nstructlon wh1ch was referred to as "d1rectlon" by Ma1er.ﬁ The .
: sults of Ma1er s- study 1nd1cated that added 1nstruct10ns as opposed to 5ust
l-.stat1ng the problem, 1ncreased the proportlon of subJects who were able to solve
L the: problem. The h1ghest proportlon of those "who' solved the problem was in the T

4

' group wh1ch ‘had added 1nstruct19ns and d1rectlons._ L S .
Smlth pursued the 1nvest1gatlon ‘of ‘the effects~of 1nstruct1ons on learn1ng

"by\exam1n1ng the effect of the learner be1ng 1nformed about the obJect1ves of
'.1nstructron (51] The obJectlves and 1nstructlonal act1V1ty in. Sm1th's study
‘dealt w1th mathemat1cs,. A sample of 162 e1ghth.grade students was selected _
) -from ten classes labelled as slow. learners. Each of the ten teachers was ran-
B domly ass1gned to one of two treatments and each student.wlthln the classes was h.
u'randomly ass1gned to one of two treatments._ The classes of one group of - teachers .
:frecelved the un1t 1n 1ts ent1rety while ‘the classes of the’ other group of teachers
_ rece1ved the . unlt lesson by lesson.' The students w1th1n the classes who were :
. randomly a551gned to two’ groups recelved d1fferent presentatlons of the rnstruc-__
‘““tlonal materials. ~One. group of students rece1ved a pr1nted instruction. concernlng
:f the expected eutcome of each lesSOn, wh1le the other group—was not glven this" L
: 1nstructlon. The performance of the’ tWo groups of classes and the performance L

of the two groups of students were examlned.a The null hypothe51s was retalned

for. both perfbrmance comparlsons.. As one possible explenatlon for. the—null results,
i—-pSmlth ralsed a questlon about the infgrmatren”procedure he had employed He wrote'

Perhaps the reason oL, the lack of srgnifrcant differences

1n thlS study was due to the manner 1n wh1ch the instruction

=

was presented ' S1nce the 1nstruct10n was prlnted on the wrattgn

materlals, 1t ‘was: a55umed that all students receiV1ng the instruc- e e
P 2 . 2 P * ,‘_ ’- : ) T o’ . I - . ~ . L. S N;'._-,,,,." -
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‘ ‘tions would read them., However, thls need not have been the' cahe..”"}
T ‘The. 51°W 1earn1n8 students might well have avoided these 1nstruc--ﬁ”
L T tions and‘proceeded onto the materlals themselves. There 1s no '_{;

'guar,‘ '
e ':—i experlmental suk

tee that the 1nstruct10ns had any 1mpag§_at_all on the ,;
‘ects,(Sl)"' T A !
Engel cont1nued th1s research\d;rectlon by 1nvest gatrng an hypothes1s“

.l51m11ar to Smlth's-‘ namely, knowledge of the ggiecttves in behav10ra1 terms"r~
' 1ncreases ach1evement (52) Smlth had offered as._an explanatlon of the null

“_results in h1s study that perhaps learners d1d not read the objectlves. To over- o~

- come thls d1ff1cu1ty Engel prov1ded a mechanlsm for assessing whe_her“the\subjects
'-1actually read the behavloral ob3ect1ve statements. Early Chlldhood and Elementary\
lEducatlon majors were randomly a551gned to two treatmentS'l one Wlth behavloral
ob3ect1ves and’ one w1thout behavloral obgectlves. Both groups recelved\the same
#.1nstruct10nal materlals. The.pnly d1fference was that a cover sheet statlng the

L oETect1ves ‘of 1nstruct10n:1n terms of 1earner behavlor was attaphed to. one-half
~—. - . of the 1nstruct10nal un1ts. ‘The’ f1nd1ngs supported the research hypothe51s that .
o '"1nformat10n about the obJectlves of. 1nstruct10n 1ncreases the ach1evement of
Q;»learners. Engel's data also provide support for theeresearch«hypothes1s thafxzw
:~fvsub3ects wlll ach1eve hlgher on a retentlon test 1f they are told 1n advance : e

v'; the ob3ect1ve of each 1nstruct10na1 act1v1ty. ' L _
' Research by Schuck(ss) prov1ded add1t10nal 1nformat10n about the effe ot of

‘prov1d1ng students W1th 1nformat10n about the 1ntended learnlng outcomes f an

1nstructlonal act1v1ty. . The’ term "set 1nduct10n" was used by Schuck He deflned
- set 1nduct10n as follOWS"_- , ol TR - '
o . _*InduC1ng a learnlng set 1s the_;nltlal 1nstruct10nal
| =fact on the. part “of “the teacher for the purpose of " .
establlshlng a frame of’ reference del1berately de51gned
b VJto fac111tate the creatlon of a communlcatlve 11nk between
*fg!- the. experlmental fLeld of the puplls and the de51red behav» =
e 7 joral goals of the 1earn1ng experlence (the" lesson) 'l
Schuck fbund that puplls taught by teachers who had—tra1ning in the use of
v1nduct10n achleved better ‘than: puplls taught by teachers who did not_' \

tralnlng., Achlevement in_ thls case~was measured~by a multlple ch01ce test of
,/—’ —*’““.’ ) .
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240 1tems in blology The* study 1nvolted 108 pupils and 18 teachers both randomly
‘.vass1gned to. the treatmenfs. ‘These findings seem to support those of Engel
' Awstudy by McNeil (54) ‘also.contributes to .the body of findings on the .
_,;relationshlp of prior knowledge of behaV1ora1 objectives to acqu1s1t10n. He“;'
reported on. two groups of student teachers. and the1r students._ One group of
-fstudent teachers were. told that the1r grades would depend upon sett1ng -and -
~ achieving acceptable behaV1ora1 obJectives w1th théir students., This group- DR
":;’achieved better than pup11s taught by student teachers who were told’ that their | qfd =
A'grades would depend upon good lesson plans and the use of profes51ona1 teach1ng A.Ah
_Lmethods. Both groups of"’ student teachers wers' g1ven the .same descr1pt10n of A
o the needs of the student In connection with these f1ndings McNe11 also reported'”
..’ that the focus upon spec1f1c Tbjectlves did ‘not- appear “to restr1ct the. students A
\\\to learning only the obJectives stated to any greater degree-than the students .

’;-” who were not g1ven behaV1ora1 obJectives, although no quantitative measure‘of\\A\

14,'ﬂp'_ﬂ DeRose (55 56) reported two studies conducted at ‘the Marple Newton H1gh
School 1n wh1ch students were. supplied with behaV1oral ob]ectives to help” gu1de,
them 1n the1r 1ndependent study The d1sc1p11nes of biology, physics and chem-.
: 1stry were used and thé® resu1ts 1nd1cate that the pup11s in “the 1ndependent B
e study program performed as: well on the examlnations ‘as puplls in ‘the’ conven- Lo
B tional classrooms. J';;.;'= BT 3_3,5 Lo ;ivg:.“a}
Doty (57) 1nvest1gated the effectiveness of prov1d1ng Junior high 1ndustrial
art students with ob3ect1ves and pract1ce on theracquisltion of calculating the L -w
‘ value and - toleranée of ax1a1 res1stors. H1s design called for. four groups"ﬁ
(1) students recelve spec1f1c objectives before 1nstruction and practice on )
the actual task (2) students rece1ve spec1f1c objectlves and practlce on the
task in a verbal symbolic format (3) students rece1ved no- obJectives and
: . pract1ce on the task 1n a verbal symbolic format H1s results 1nd1cated that
| | students in the upper ab111ty level d1d benefit 1n the1r 1mmed1ate learning as
& result)of rece1V1ng prlor knowledge of ob;ectives and prac 1ce on: the actual

this ‘Was made.ﬁjéi- - }A ~' ”’~l“ U i"' o “«u. ~3' e ~;ﬂ5_‘f;%A

___,,4,_Auerage=ab1%ttyﬂlevél—students showed no. sagnlficant difference 1n learning

T —

mw__,—ﬂﬂas ‘g result of the“treatments, however, 1ow vb111ty level students had equal or[ v;i'_"

hlgher results than the,average student when they received prior knowledge of
: obJectives and practice ‘on. the verbal symbollc and actual task It was also -
AAF reported that students 1n all three ab111ty groups who practiced but d1d not
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' rece1ve knowledge of the objectlves had Iow 1mmed1ate learnlng as compared
. to those rece1v1ng the spec1f1c obJect1ves.-:__v." e e

e

Conlon (58) compared the’ performance of seventh~grade students w1th and

‘-without prlor knowledge of the obJectlves of an 1nd1V1duallzed sc1ence program.,l

Her f1nd1ng= 1nd1cated that students W1th the pr1or knowledge of the obJectaves |

"hfperformed slightly ‘higher than the students W1thout the obJectlves°-however, o

/

fthe d1fference was not statlst1cally 51gn1f1cant.j

Da11s also 1nvesc1gated the effect of student knowledge Qf instruct1ona1
objectlves on, ach1evement (59) ‘One - hundred and forty-three tenth grade students'

- in f1ve health and safety classes const1tuted the sample. . One third of each.
vclass was randomly ass1gned ‘to on% of three treatments. prec1sely stated 1nstruc—_

1t10na1 ooJectlves, vaguely statedJ1nstruct1on ob3ect1ve5> ‘and short paragraphs
of health 1nfcrmat1on.h All subJe

ts part1c1pated in the same 1nstruct1ona1 un1t

E on.growth and development._ The data showed greater achlevement for those students
_ 'who reee1ved prec1sely stated ObJ ct1ves than for students in the other -two gnoups.
“\Q;The treatment'effect was: 51gn1f1cant at the 0. o1 level e

. -Most 1nveft1gators of the p0551ble effect of tell1ng learners the’ behav1oral

'?obJectlves have\fbcused upon 1nd1v1duals as the exper1menta- un1t Olsen(60) haS'fg

."made a 51gn1f1cant departure from ‘this trad1t1on._ ‘He - reports an: 1nvest1gat10n

ftsclence 1nstruct10n w1thout knowledge of the object1ve., 01sen reports mean scores'
g‘of classes W1th knowledge of. behav1oral obJectlves 51gn1flcantly'higherfthan the »
) no knowledge of behav1ora1 object1ves on an 1mmed1ate posttest and on a retent1on

. 1n wh1ch class effects rather than 1nd1v1dual effects were measured Eight classes

\
,recelved 1nstruct10n 1n T, M'E (Interactlon of Matter and Energy) physlcal sclence

w1th stated behav1ora1 obJect1ves -and s1x classes rece1ved the same phys1ca1

Lo

: T S . - -
Sy

’]~Summa£z _The 11terature offers caut1ous support for the hypothe51s that prOV1d1ng

the 1earner with' 1nformatron about expected learnlng outcomes affects h1s per- _Q_

*7formance.‘fThé“ulrectlon of the effect appears to be: pos;tlve. It also seems

3¥necessary to control for‘"readlng the 1nformat1on statements.ﬂ If the subject
TQdoes not read the 1nformatlon statements, the effect does not appear. The magnl—
3tude of the effect however, 1s not clear.; How much of the varlance 1n perform-'v

- ance- can be attr1buted to! learner 1nformat1on about exPected learner outcomes

-71‘15 not prov1ded by the 11terature. These are worthy avenues for further 1nves-“

‘t1gat10n_ o S _." e i T R A T T " R ,? co A
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. Behav1oral ObJectlves, Eff1c1encywof Acqu1s1t1on and Retentlon

o Rowan (61) observed that "most schools are organ1zed so that a learner ;
'must complete a task w1th1n a g1ven block of t1me. - If he does not hlS com-"'“ _
parative evaluatlon reflects this, qu1te often Just as. though 1t were fa11ure h”v .

”;to acqu1re the 1earn1ng goa1 rather .han a. slower learnrng pace.' In a rea»1s-ziif“ff {;‘
,;'t1c sense, then, concern over learnlng rate [1s] nearly as Important as concern S

Qover lea"nlng 1tse1f LLE

The effect1veness of spec1 y1ng obJect1ves for tra1n1ng purposes 1s 111us-"c
trated in a study report by Sm1th (67) HumRRO Task Forecast developed a four~~‘f-‘~“'”
hundred h0ur course based on a deta11ed study of the Job of certa1n ord1nance '
f1re control techn1c1ans., The f1nd1ngs 1ndlcated‘that graduates df the course a[;

" were as prof1c1ent 1n electronrcs troubleshoot1ng as’ graduates of the regular
' thousand hour course These f1nd1ngs suggest the research hypothe51s that
plannlng curr1culum constructlon W1th obJect1ves 1ncreases learner eff1c1ency.

Mager and McCann report a study of the effects of specrfyrng obJect1ves 563)
In one group, the 1nstructor controlled the sequerce of content P< esented I

?.a second group, the subJects were. permltted to select the content 1n accordance .
w1th a pr1or1ty and a sequence they themselves ass1gned The th1rd group was
g1ven a deta11ed statement “of - the tra1n1ng obJect1ves wh1ch 1ncluded the k1nds
of questlons they. wculd ‘be expected to answer., The subJects 1n the th1rd group

were all_wed to 1nstruct'themse1ves 1n any order or by any means they chose.

» \~'*
1y - St v,,.- ~

t rd grouP w1thout loss of prof1c1ency - '._1v& ‘f\,.; S -a, . ",q>\\

v Newman's research also supports the general f1nd1ng that students 1nformed ftﬁfs;
/. of the-behaVioralfobjectiVes progress:throughfaniinstructionalfunit'in;less'time' -
' than students not 1nformed of the obJect1ves. (64) ;}:f.ﬂ' f:"'TV’ﬁv Q*f';_‘_n
,;JJ i AMerrlll_reportedca;test_of the_hypgthes;s that subJects who recelve speC1f1c
‘\**ﬁ:; -review rn learningma task w111 make fewer errors and take 1ess t1me (l) on eachv

h SUCCGSSlVG lesson in the sequence, (2) on the crrterlon testf’




L

'*._fof errors per frame between the two groups and. no d1fference\1n errors on the |

e cr1terion, retention, or transfer measures._ However, the no reV1ew group took

_;_,.51gn1f1cantly longer per rrame and 51gn1f1cant1y Ionger per question *on the | -

v

three assessment measures. The rev1ew;1nformation m1ght be thought of as 1den- fbfjl"”

‘7Jt1fY1ng the 1mportant performances or obJectives of each lesson. Information Lo
- about - the 1nstruct10nal obJect1ves 1n th1s form also appears to have the effect
of 1ncrea51ng the learner 'S eff1c1eney.~ Schuck (53) in a studied cited earlier
'palso reported s1gn1f1cant (0 01 devel)_mean ga1ns anLJ&nuLweek—retention—test”"‘“"—

Rate of acquisltlon and re51stance to forgetting may be altered by learner ;ﬁ ' o
1nformatlon about -the 1nstructional obJectlves (66) The research hypotheses, jff”

telling the subJect the behaV1oral obJectives at the beginning of each 1nstruL, o

' tlonal act1V1ty 1ncreases hlS rate of acqulsltion and resistance to forgettlng,\

‘ were tested Th1rty-51x tenth grade students 1n geometry class were randomly

as51gned to one of two treatments. knowledge of obJectives or~no knowledge of

h'~ obJectives. The\instructional mater1als, other than the ob;ectives (1nformation)

were the same for both groups. The learning h1erarchy con51sted of. l7 behav1ors
on 9 levels dealing w1th methods of proof A retention measure was administered T
elght weeks after the post measure ‘was taken by each sub1ect The statistical

hypotheses on/rate of acquisition and resistance to forgett1ng were both reJected

" at the 0 01 level Walbesser concludes--"The hypothe51s that knowledge of 1nstruc-'

tional obJectives 1ncreases the 1earner s rate. of acqulsition and proV1des a,
re51stance to forgett1ng" are supported by the data._ } ~,r,..v-5 e .’.7f:b B
Cook (67) conducted an 1nvest1gation of the question raised by Engel -If—ﬂ

- some students are" 1nformed of the behaV1oral ob;ectives and the learnlng h1er- :

— i{ archy of a unit of 1nstruction and another group of students receiV1ng the same “

\-were bIocked on ab111ty ]evels and randomly a551gned to four treatments" one

un1t of 1nstruction 1s not so 1nformed w111 there be differences 1n effect on

j retention.ﬂ Eighty-eight elementary education maJors 1n a four-year college d.,a-? .

R

o

group received only'the 1nstructiona1;mater1a1- a:second’group received the }_'

The results of Cook's stua support theﬂ_ypothe51s that” roV1d1ng “tudentstW1th A.:
statements and examples of behaV1oral obJectives 1s an 1nstructional method




that w111 result 1n rc31stance t.'forgettlng o i, L
.. A study reported by John M Sm1th (68) dealt w1th college students in |
a mathematlcs course. Sm1th stud1ed.th effect. of proV1d1ng the learners w1thf
‘fbehavloral obJect1ves and a. 1earn1ng hle\\rchy prior to 1nstru¢tlon upon rate .
'_ of . acquls1tlon. 'His’ study 1nvolved 73 students in a- study wh1ch 1nc1uded six T
'f{weeks of 1ndependent study.” Those . students who \1nlshed the un1t fastest alsov

.ﬂ'retalned better what they had learned as measured by\an unannounced post_test if—

'“glven 51x weeks after: the unit had been completed \\\\,1§A,::,,¢ :
: Behav1orar obJect1ves are descr1pt10ns of observable behav1or. In the
-;'statement of a behav1ora1 obJect1ve, he observable actron 1s usually named by
Hian act1ve verb TAT common practlce among educators wr1t1ng be hav10ra1 obJectlves fw
'1s to 1dent1fy classes of performance and name each performance class W1th one
'f'actlve verb pne wldely used set of performance classes is the ten member .
;j collectlon employed by- the Amerlcan Assoclat1on for the Advancement of Sclence,-’
_:'Comm1551on on Sc1ence Educat1on 1n the elementary SC1ence curr1cu1um Sc1ence -
';!jA Process Approach Walbesser (69) has proV1ded a deflnrtlon of each of. the
V"ten actlon verbs 1n’th15 partlcular collectlon._ Each of the ten actlon verbs L
: name a un1que performance class.x Rosen (70) 1nvest1gated the&questlon of
”'whether there are d1fferences 1n rate of acqu151t1on or rate of forgett1ng
'pfor behaV1ors from these varlous performance classes. Three behavioral objec- o
“tives, from each ‘of four performance classes---'1dentify, construct, descrlbe,fé_'{“
"5"and demonstrate - were randomly sampled from the’ behaV1ora1 obJectlves of .

. Science .- A ProceSs Approach Part D. j' A ’:” f':t IR .,g,,— o
_‘ -A self— nstruct10na1 program was created for each behavioral objective
'sampled Readlng level and number of pages per program were controlled for .

the twelve 1nstructlona1 programs. No d1fferences were found 1n rate of

'acqu1S1tlon or in rate of forgett1ng Rosen conclud,fjxhere appears\to be
,fmo need for allocatlng "dlfferent amounts of 1nstruct10na1 t1me“ for~ behaviors

selected from these four performance classes,v In 11ght of Rosen's flndlngs,mﬁj

et he conJeeture—that_the ‘ten . Science "= A Process Approach performance classes ?:T'-\'

are a means of orderlng the complexlty of behaV1ora1 objectrves—finds:little_r;;_;;;;1.

T

rz The f1nd1ngs offer caut1ous support for the hypothesis that know-

1edge of the obJectlves of 1nstruct10n 1n behav1ora1 terms 1ncreases the rate;‘“
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of acqu1s1tlon and slows down forgett1ng.. The magn1tude of these efﬁects?rs |
not clear. However, the res1stance to forgett\ng results do*appear to be'

stronger than -the rate of acqulsltron f1ndrngs,when 1ntact classes are 1nvolved

These do appear to be var1ables worthy of fu her 1nvest1gat1on. -_.j

e . A et S .
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BehaV1oral ObJect1ves and the Teacher ff}

- Given. 1nformatlon in the form of statements of behav1ora1 or nonbehavieral
obJect1ves, can teachers distingulsh between them and demonﬂrate th S knowledge . “%f“%
by the1r 1nstructlonal cho1ces? What do teachers do when they arelg1ven behav-_i{ e

1oral obJect1ves to use? The research on these quest1ons has, fbr the mostgpart,.,,

focused‘upon one" 1nvest1gat1ve theme - Do teachersf‘ct d1fferently“upon be1ng &;_‘;

g1ven statements of ob3ect1ves wh1ch are more spec1f1c? An ERIC: report by
Cook and Nev1lle (71) exam1nes the l1terature -on. evaluat1on of teachers and 1ts

relat1onsh1p to behaV1oral obJectrves._f'.ﬂ:—7 e ff~"‘ : "";”ﬂf’? B
_ Ammons 1nvest1gated the, quest1on of whether teachers could distmnguish
between statements -of behav1oralland nonbehaV1oral~obJect1ves. _(72) A 11st

- ﬁ'

. _reﬁpresented ‘some ‘of. wh1ch
were nonbehaV1oral The teachers were to select th6se statements for wh1ch

': they could descr1be -an: obJect1ve cr1qer1on for evaluat1on.“ The f1nd1ngs suggest

<

'_‘L

1;; these f1ﬁdi:gs-
. w1th act1 ies.
\\

that although changes:1n ‘tude tibehav1or‘were not ment1oned in the nonbehaV1ora1 f 91

: obJect1ves, the teachersamade;Judgements that requ1red behavroral performances
' on the part of the 1earner. "The general character of h1s f1nd1ng 1s suggested

by Ammons' observat1on that ﬂ-fé’—walmost any k1nd of statement was cons1dered_ ::’L

>~t. e ¢~ 5

A

as a statement ot an obJectlve "‘f""" .o R L
' Baker s research supports the f1nd1ng of Ammons. (73) Three lists of obJec-"bQ
t1ves were constructed by Baker and then the l1sts were randomly assigned.to :

h1gh school soc1al sc1ence teachers._ One l1st cons1sted of statements‘of non- }"
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1v_;:that the 1ack of d1fferences may beNattrlbuted to the teacher s 1nab111ty

:to prOV1de c1assroom act1v1t1es in agreement w1th a g1ven behav1ora] objectlve
"{ﬂor the1r 1nab111ty to 1dent1fy test 1tems which assess a partlcular behav1ora1
™

R o ) °

v S <

. :'obJect]_ves o e e TR "___”__,;','_,.'__'.,;f.,, - _l._..,..";--'.—"}- e e ————f‘,"">< R

_ McNenl's (54) research reported earlier also\contrlbuted to thE\study‘of .
: ’thearelatlonshlp of prlor knowledge of be av1oral'ob3ect1ves to acqulsltlon.l_ e

—-"McNeiI ‘sed-student-teachers randomly asslgned to treatment groups 1n hlS inves-

tlgatlon.; In one exper1ment he found that student teac‘ers—who“negotlated_gn__“__~;;;;_
agreement w1th thelr/superv151ng teachers as to the behav1oral obJect1ves of the . -
\course were percelved as belng superlor to the control group student teachers who _
d1d Tot - negotlate such agreements. A second study found *hat student teachers R
preferred haV1ng the1r grades depend upon pup11 progress as determlned through

the use of behav1ora1 ob3ect1ves.-.wr

A

Summagz More research needs to be conducted on the potent1a1 relatlonsh1ps ;

between behav1ora1 obJectlves and the teacher before any clear d1rectlon is.
apparent One hunch that emerges from the reported 1nvest1gatlons 1s that

- teachers must be taught how to use behaV1ora1 obJectlves 1n plannlng 1nstructlon
and evaluatlon, 1f they are to be used at a11 ' o R

‘.'

Behav1ora1 ObJectlves and Affectlve Varxables PEENS . L
Two stud1es on. the relatlonshlp of: behav1ora1 obJectlves to affectlve ‘ ,; "¥i

vprlables were uncovered 1n the 11terature search o ;'" T ;LJ~w, \w’.hi “t?*- |

3 f Tlemann (74) 1nvest1gated student preferences toward the speclficlty of '

statements of obJectlves. Elght v1deotaped 1ectures were presented to. two

' groups of college students. 40ne group was - also prOV1ded w1th a set of general

ObJectlveS for»the lectures and a second group was glven a set of behav1ora1 -

obJectlves for’ the same lectures.‘ T1emann's f1nd1ngs show the students WIth

a. greater~preference for‘more obJectlves,,greater use of more speclflc obJectivesg

't-f\and a. more favorable att1tude toward thefpresentatlon of 1essons w1th spec1f1c O

'\“

obJectlveS. e T T S A L T e B L e e T |
s Rowan (6 ) 1nvesttgated the effect of glving pupxls p.1or access to”behav~

==19ra1 obJectlves on attltudes toward behav1ora1 objectives. Three fifth.grade f'gf /
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| Each pup11 stud1ed twﬂ programmed 1nstructlonal un1ts 1n two formats.
. nder one: format .the pupll was'- 1nformed of the behavloral obJectlves of each'd
;z-" subsect1on before he- stud1ed that subsect1on. Under the second format the .
' pup1l was not . 1nformed.of the behavloral obJectrves. Instead he was glvenuf'i ‘
- can equ1valent amount of non—dlrectlve but related read1ng prlor to study1ng~1 n; _ |
’reach subsectlon.. These two vers1ons of the programmed materlals were colorj;_ N E
;‘coded The program W1th behavloral obJect1ves always had a‘blue cover ‘sheet
. “«on each subsectlon. The program W1th non-d1rect1ve d1scus51on, but no.objec-.f~1
t1ves, always had ‘a. p1nk cover sheet on each subsectlon. The puplls were ;*~»“ﬂ'.¢f‘.‘
1nformed only that’ they were 1nvolved 1n a contest to determlne 1f they would "T 'izv
do better study;ng w1th the blue program or: the p1nk program.ui_' - ’
. After each pupll had stud1ed a program in. both the blue verslon (w1th |
béhav1oral obJectlves) and the olnk verslon (w1thout behav10ral obJect1ves), _
he was glven a ch01ce as to the vers1on wh1ch he would use on the th1rd program.

lyf;“ ThlS cholce was offered by say1ng "ff' . o o .lu.a r;_ -.,a. ;:f-,
‘ . :Now that you have had a chance to study in. both the blue |
'iand the p1n' programs, there is- no real need to have you ’f'
‘b_l,study the t 1rd program 1n 2 part1cular versaon.' I have _
jenough of b'th colors so that you may choose tbe one wh1ch

;‘,you would

ther study, perhaps the.. one you felt helped
j":you more.f'If you don't really care, thPu just p1ck,wh1ch-v
. ever one [ mes ‘to. your.mlnd f1rst. Wr1te your choace at R e
. the top of,your paper and as I come by I w1ll g1ve you 57'Tf§1 -f%' .;vii
3 fthe one’ you chose. R . e _ e ]_ , |
_ The procedure was also followed to prov1de an’ addit1onal support for the :
affect1ve f1nd1ngs. An assessment was made to determlne whether the - students
could d1st1ngulsh between the behav1oral obJectlve and no behavroral obJect1ve
treatments., A "dummy" program was prepared w1th cover sheets de51gned 51m1-f.
| larlyuto those used 1n the actual “regram.‘ The cover sheets contained behavioral
object1ves of - non»d1rect1ve eomments written 1n the‘style wh1ch hadfq'en used L
The dafférence.was that hese cover paces were not coloﬁ'coded__;They'were all ,fx/f:
ether. they.sh‘uld be ;.a///ifb
would beer1dence S

,“;§ Prepared in whlte,, The sAbJects,were asked‘to dec1de wm

- p1nk or blue. It was assumed that correct 1dent1f1catrw o
of hav;ng read and 1nterpreted the sheets used on the programs oéNEhe experi- e
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‘ measured Group assessment 1s often used because of economlc reasons - 1t

L o N o " - °
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'svThe f1nd1ngs reported were the fbllowlng _ , _ _
fl;.'The treatment, 1nstructron preceded by behavzoral obJectrves was -
- .chosen 51g11f1cant1y more often than the nc behaV1ora1 objectlve i-pﬁ“7*

“treatment.\

.l.?.5- tudents were able ‘to- d1st1nqulsh between prcgrams with and W1thout~ ' ?‘;;f*

,behaV1ora1 obJectlves._'

'q ) ) E . . .9

';f;Summarszu It is not senslbleoto suggest anythrng but the most tentatrve cmn—'f

ciusions in. thls area._ One hunch that those f1ndings suggest is that studen

: can dlStlngUISh between the presence and absence of spec1f1c obJectlves. Anot_er

’_ 1s that students prefer se1f-1nstruct10na1 act1V1t1es Wlth statements of behav-f;} h

v s

1ora1 obJectlves.-‘_’x~ S : :ﬂj . N '””; s

Behavloral ObJectlves and Psychomotor Var1ab1es g o L‘i.V,ll""f S o T

' No 1nvest1gat10ns dea11ng W1th the effect -of behaviorai objectives'on-i :

psychomotor varlables were found Some wqu is needed 1n thls area.

. N . : - ¢ .
LN : : .

e

Other Varlables of Some Interest ﬂj;.f' , » :
- : Slnce behaV1ora1 obJectlves name behaV1ors to be acqulred by 1nd1viduals, f
d1rect measurement of the vaU151t10n of each behaV1or requlres 1nd1vidua11y
admlnlstered tests. Walbesser (759 among others has made the argument for _e*g'

1ndrV1dua1 assessment whenever the acqu151t1on of human behavlor 1s being

1s less expensrve to admlnrster tests ‘to a’ group than it 1s to adm1nlster

tests separately to one 1nd1V1dua1 at a t1me.t The convenlencé of forced (multrp‘s -

chorce tests also a1dsxthe popularlty of group assessment.-u"'"

1w’

Walbesser and Carter hypothe51zed that changing the. assessment task from ) e

1nd1V1dua1 to group format decreased the number of subJects\able to- complete

”ff. the task The1r study 1nd1cated that w1th the perfbrmance classes of construct,

demonstrate, descrlbe oral;z; a. s1gn1f1cant d1fference occurred in- the number
of subJects that could reach beh\V1ora1 criterron when the 1nd1vrdua1 assessment

' Wrth the performancevclasses of
’ 502 05 -

IS,

'“,Mvnamq;gg us1~gfwr1t1ng3 1dent1fy;;g;1nr;statrmg}.?ruleeln—wrrtlng, no’ s gnlficant

differencesbetW&an 1nd1v1dua11y hdmlnlstered tashs and grcup assessment task5a51=7'F

were found (76)
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Nelther stlmulbs aor response geﬁerallzptlon has recelved very much v
attentlon an the reaeerrh 11terature. Impllcl* in the‘theory of behav1oral : 4
.l;" obJectlves 1s ‘the assumptlon of substantlal generallzed ab;llty once an .%- S o

1nd1v1dual has beep Judged to reacb crlterlon One stlmulus generallzatlon

g

study°was found—- Carter C77) reports data in. support of the;research hyp f' . o

. the51s thaf behav1or vaulred 1n-one content’ settlng gegerallzed to other;f" o

’Jl, ;cbntent settlngs. She also offers fhe conJecture bdsed upon these same data,.
athat learner cognltlve style may be a varlable that’af?ths both behav1ora1

acqulsltlon and the magnltude of stlmulus generallzatlon.A Clearly, much addl—-liﬂ;i

3.?t10nal work'ls needed before any COHClUSlonS can be drawn about the relatlon-

,;h}shlps of behav1oral onJectlves to’ cogﬂltlve styrv, magnltude of stlmulus

-‘fgenerallzatlon and condltlcnq 1ntluenC1ng general zatlon. ,u_‘v }; c
: N 1\'

Ll . o, _ "

© . Summary- for'Seébion Ohegg PR -1'if . / : R U |

¥ - ) ‘ .. » [ Ed 4 o e
T Writlng; dlscus51ng,vand applylng behav1oral objectlves ‘have become S -
"popula causes 1n school currlculum durlng the/decade ‘of. the 60'5. DlS— '.' N

cuss1ons, both pro and’ con, havefbeen the prlnclpal products of the decade s‘“‘“».i_ =
ctivityiwith,behavioraljobje tives”“ﬁ;f f, ,-"‘;'__ﬂ ",',‘ RS :-f'

avioral objectlves as a manlpulated or respondlng

ly modest attentlo4 . One p0551b1e axplanatlon for~ thla_ S
chat it is 51mply ea57er t@ ﬁalk about someth’ng’than it 15'27'27,.3

-

’ var1ab1e has rece1ve

.,. " state oﬁ affalrs s .

,w‘resolve a qhestlon.;

. £3 behav1oral obJectlves on . }earnlng or 1nstructyoﬁ”are a% yet
unclear The grand promlses of behaVLor 1 obgectlves as a remedy for maJpr 4'

L Effects_

_educat10nal 1lls as well as the forecasts of lockstep, dehumanlzed furrlcuha
predlcted by the opponents of benav1orak bjectlves have eaoh been found antlng._.(,
"Telllng tqe learné% the behav1oral obJec 1ve" has»been the most popular m

1pulated varlable, w1th acqulsltlon rate of acqulsltlon, forgettang,\and

bf acqulsltlon in. n111tary tralnlng stud1eSvH,Strengt of the relatlonshlp 1n\

\

 pre- college and college curr1cula has not b en clearcut “he d1rect10n of thé\

effect is the’ same as 1n m111tary stud;es,; ut he magnltude 1s smaller Slmllar '
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Research on behav1ora1 0b3ect1ves may also be sunmarlzed 1n/terms of

%__hypotheses supported Such a summary follows.

;o

T -Research Hypothesrs Te111ng the learner the behavroral obJectlves
| Wlncreases achievement ' ’
-~ Research Supportrng T ‘f“.Research'Not Supportﬁné
. the Hyﬁotheéis' L S ‘the Hypothesis _” |
’ f??'rNorman F. F. ‘Maier 49 ’4A _v : “Stanley A Sm1th 51 3 o _eﬁ.:‘
- "Maltzman and Morrlset so * James . DeRose 55 56 S
. Roberta A, Engel 52| . ... C.R.Dotys7
"<Robert F Schuck 53 \‘: . }:{.‘ RS (Average Ab111ty Students)
- .,'John D. McNell 54 o ., T Betsy Conlon 58
;54'-1;4C; R. Doty 57 T o -J. MarV1n Cook 67 S co
; n (High and Low-Ab111ty Students) B [‘Thomas E, Rowan -70 ‘f”f”“’w -
 Gus Dalls 59 ST .;"v .Jenklns and Deno 152 A
Cdbemtomene 0o

he s . o . . - o - ) . N e

‘.,/’Research Hypothe51s Te111ng the learner the‘behav1ora1 obJectlve} ‘

1ncreases rate of vaUISltlon. ' Co

: ; Research Supportlng t L ‘ht‘ L o h Research Not Supportlng_.f': f’ B
the Hypoth851s O the Hypothe51s 3 .

Robert . Smith 62 . .. ”Jphn M. Saith 68 -+
Mager anﬁ McCann 63 T "? ' T
 Slater E. Newnan 64 R - SO
. M, Daniel Merr111‘65 S .
Henry H. Walbesser 66-f‘_fhf_ e ce T e _1ifi.;,_'.§;_;

- . LR O

. S o 4 . . - . .o . .t . . B - -~
L ;\ . . s ) o . A . . : o L o »

CIIT Research Hypothesrs. Tellingfthe‘leaﬁner.thetohjective-increases'resistan&e, -

fo forgettlng

""Research Supportrng ‘:t'f:f-;:fff?,;'?“;fl;Research Not Supportlng
the Hypothesrs ‘-_;f;u_ R =;.3”: T the Hypothesis ‘ |

. Robert F. Schuck 53, “n;,f RS --t“_] : ﬂ@:fi";f T

L Henry H. ‘Wa besser 66 h__'\ et -'t T L ,j,hhﬁf; S

u*bft‘ﬂfﬁ J. Marvih Cook 67 o ], :w;f~-}}i-h'}“f?fi7: :;flr.f<,_:.:;r.,i_ 3

Y dohm . sasen T S N

L s . e T N 7
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IV. T Research Statemen “Teache rs -can d15t1ngu1sh between statements of
behaV1ora1 obJectlves and statements of nonbphav1ora1 ob;ect1vas~
Research Supportlng .- Research Not - Supporting

: the Statement S . . the Statement o
‘" _ - Margaret AmmonS»72
: ’7Eva L;_Baker7-73»»
V. ReSearch'Statement. Students show a more p051t1ve att1tude toward
o ‘1nstruct10na1 obJectlves stated as behav1ora1 obJectlves.
< Research Supportlng N -f R Research Not Supportlng
: \',' . the Statement ... f\gi - © .. - ‘the Statement '
R . \ E . * - -l . .
‘Philip W.fTiemann 74 ) , :
' .Thomas E; RoQEn}6l . )
- : o . - p |
. VI, ~‘Research Statement: Group performance measures underest1mate the
o ' acquisitions of the learner. . - I{-j, . R, "_i
: Research Supportlng‘ SRR DR Research Not Supportlng )
‘the Statement »va' LT L the Statement I

tWalbesser and Carter 76

?VII;;f_Research Statement. There ex1st dlfferences 1n rate of &cqu151tlon for -
: ‘tdlfferent performance classes." '

. //", )

'«.'Research Support:mg b _ _ : Research NOt Supportlng "
' the Statement = .. ... PR 'v, the Statement ff
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e - Section Two R

e T Learnlng Hlerarchles
. The 1earn1ng h1erarchv sectlon is organlzed 1nto three parts. The f1rst
part explores the def1n1t10ns of "learnlng h1erarchy" and' procedures for con-
structlng learnlng h1erarch1es.‘ The second part descr1bes research concerned ‘
w1th var1ab1es ‘that affect learnlng h1erarch1es and that are affected by learn-

<

"-Ai_lng h1erarch1es.\ The th1rd part of the review concerns psychometrrcs of:. learn- u
ing h;erarchles."' '

o

) - . . : c"‘_-- . poa . . *

"K Part One Def1n1ng and Constructlng Learnlng H1erarch1es

) 3 ‘. . o co S .-
\ . .
.

-\,- _ In a report of a study of mathematlcs learnlng in 1962 Gagne (78) applled
\he term, ”learnlng h1erarchy” to refer to an ordered collectlon of spec1f1ed
1ﬁtellectua1 capab111t1es. Gagne hypothe51zed that any 1nte11ectua1 Sklll ‘can "Tdm

A ‘be\hnalyzeﬂ into a h1erarchy of subordlnate intelic ctual SklllS. These subor-_d*
U;_ d1nate 1ntellectual skllls (behaylors) are arranged in a sequence such that all"

- the necessary prerequlslte behaV1ors are listed below a term1na1 behav1or. Pre-

_ requlslte behav1ors are: -also- called enabllng behav1ore by some: researchers. The -
jacqulsltlon of all. subordlnate behaV1ors llsted in the learnlng h1erarchy 1s

_hypothe51zed to be requlred for the acqulsltlon of the termlnal behaV1or of the
learning h1erarchy »,.1_f‘ "d T L _,;‘ Ufg~ f:r . g;QH

-

FSequenclng by Task Ana1y51s.< Mechner (79) prov1ded a general d15cu551on of -
!)sequenclng and'its relatlonshlp to behav1ora1 technologyo He suggested these
'steps in the development of an instructional program'

_(a) spec1f1cat10n of behaV1ora1 obJectlves

B (b) analysis of the subject matter in terms of component dlscrlmlnatlons,
- : _generallzatlons -and chains" "

_,(c);sequenC1ng of these’ components for "effectlve" learning o .
.;1‘The second and th1rd steps 1dent1f1ed by Mechner comblne into a procedure more

' "commonly known as ‘task analy51s.v S e S

“The ana1y51s of a task 1nto 1nstruct10na1 components has been widely used ,

_Z1n the de51gn of tra1n1ng materlals for 1ndustry and ‘the’ armed serv1ces. M111er's '3f11

i}work (80 31,82, ‘and 83) 1n m111tary tra1n1ng\applicatlons of task analysis border

“on be1ng c1a551cs.: Recently, a few examples of thls techn1qUe applled~t0 the pre-~4uﬁ
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college school curr1cu1um have also been repdrted in the 11terature. Examples
hzlof such products are. tne ‘basic and 1ntegrated process: hlerarch1es of the Science. -
. A Process Appr8ach curr1cu1um (84), the 1nserV1ce elementary mathematlcs hier--
uwarchy on a1gor1thms<1n Games and Algorlthms (85), the Geometrx h1erarchy produced
. by the Montgomery Pub11c School System~for 1ts secondary school geometry course (86),
' Maryland (87) and. Delaware (88) . State Departments proJects on behaV1ora1 obJectlves
‘.;N 'and 1earn1ng h1erarchy constructlon.;.‘ ‘ |

. A-non-experlmental research report by Petro (89) 1nvolved both sequenclng _
- and hierarchles. Petro der1ved a set of h1erarch1es and behav1ora1 obJectlves ' f?gh
for techn1ca1 accountlng.v The model used for the der1vatron of 1nstruct1ona1 |
obJectl*es con51sted of. ten operat10na1 steps and comb1ned features of dlfferent
' approaches to. der1v1ng obJectlves 1nc1ud1ng the Mager model the Bloom and Krathwohl
'taxonomles and- the Gagne 1earn1ng system.-ir"_ f"[“ . '

'. There - ex1st numerous varlatlons on the task ana1y51s theme. For example,
McKnlght reports on a procedure for creatlng a "Task Identlflcatlon Matrlx." (90)
Each cell of the matr1x is the 1ntersect10n of one: supply operatlon and one com-

- modity. . Here the content of each ce11 llsts the tasks requ1red to carry out an o
._voperat1on. Such a deta111ng descrlptlon is. often done $0° as not to overlook any
) necessary steps. ‘ , '_ : ‘ - , f R '. r'“ 3 _
o Perhaps the best known fbrm of the task ana1y51s procedure 1s the one: des-af'-}_.r
, fcr1bed by Smlth (91) The de51gner beg1ns by asklng the questlon,?"What must the,f
| learner be ab1e to do 1f he has been told to. perform a. task, but has: been glven—
ﬁ»'no spec1f1c tralnlnq in: that task?" The result of respondlng to such a qvestlon
",organlzes ‘the glven task into components that often assumes a pyramxdal appearance{i*"
The fo110w1ng 1s an 111ustrat10n of such a h1erarchy. ' '

 Task

~_components  ——r——p———t . byt e e

_ ‘Second level [
" components .- |’
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Observe that the appllcatlon of a. task ana1y51s procedure does not guarantee

- an "effectlve" sequence, 1t merely produces an hypothe51zed sequence that may

_succeed Each task analy51s generates a "best guess™ sequence w1th respect to:
" the author s experlences.. How well’ the sequence succeeds (that 1s, how many
' learners are able to perform the f1nal task after folloW1ng the sequence) is

‘one measure of va11d1ty for the sequence. Varlous validlty levels are sought

o by curriculuin . developers In Sm1th's manual ‘an 85 percent ‘acquisition level v
_ for the f1nal task is- consldered deslrable. In the work of Gagne and his assocs

o 1ates a 90 percent acqulsltlon_level is usually sought

Instructlonal materlals de51gned by task analysls procedures usually employ-

. S,

'f'sequenclng rules., In the- Contlnental Army Command manual On COUTSE" deslgnrthe

rule is "glven an objectlve , ask yourself whether thls obJectlve should be

‘ _reached before or after the last one selected "(92) Thls proccdu*e, called

. nconsensus sequenclng", results’ 1n the 1dent1f1cat10n of a d“pet any order;ng

- one descrlbed by Crawford (93)

for the obJect1ves. Another varlatlon of a content»objeetive matrlx 1is also

- offered by thls manual as a means of comp111ng an 1nventory ‘of the task

fﬁ In the~laterature task analy51s is- often one component of a management o
sequence. Typlcal of such management development relatlonshlps is the folloW1ng’

-n;“" 3 e ;*1;> Develop
1 - | Select | | . . ';ﬁbTra1n1ng 3 RN I DR
CoJob || Task T T}aining- |atexrials Conduct - ;;;fQuality_
Analysis I o g | [Mmalysis | ——— Training | (Foedback
N ralnlngﬂ 177 | pevelop || ralning | I
— | Tests | A |

3
.\,
- \

Observe that task analysls 1s the second step 1n thlS cha1n of évents.j Training

N analy51s follows the 1dent1f1cat10n of the tra1n1ng task Although 1nd1V1dual '

mod1f1cat10ns are made by almost everyone who " engages 1n such management task

analy51s,.the sequence followed 1s 1som6rph1c to the one Just outllned
/

Constructlon of a Learnlng Hlerarchy By Task Analy515' An extenslve analy51s of |

the research and exposltory llterature on taok analys1s and learn1ng h1erarch1es}¢fi»

was publlshed by Leslle Brlggs 1n 1967 '(94) Slnce thls reV1ew is’ ava1lab1e -




- to the Brlggs rev1ew.,j"
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:hf'through the ERIC- system of documents, the current review does not attempt to

retrace thlS same mater1a1 Rather, thls rev1ew focuses upon research subsequent e
- IR ‘ i

The constructlon of the f1rst edltlon of a’ 1earn1ng h1erarchy of supportlng
behavrors upon wh1ch the f1na1 behav:or depends is accompllshed by task ana1y51s.'
A f1na1 behav1or 1s speclfled and descr1bed as a set of re11ab1y observable per-_ip
,iformances that a 1earner can’ exh1b1t to slgnlfy hlS acqu151t10n ‘of ‘the behaV1or.

- Analysis of the behavior is begun by formulatlng an answer to the questlon, "What
should ‘an’ ‘individual need to be able. to do in order to exh1b1t this behav1or,i
after being glven 1nstruct10ns?" The result of the app11cat10n of this questlon -
»to the final behav1or y1e1ds one or mor subord1nate behav1ors., The questlon is .
then app11ed to each of the-subordinate behav1ors in order to 1dent1fy behaV1ors t‘
subordlnate to each of these behavlors.' The 1terat1ve appllcatlon of this’ method”
~resu1ts in: several layers (or levels) of supportlng behav1ors that constltute a -
'-h1erarchy of ehav1ors hypothe51zed to be necessary ‘and- suff1C1ent for the acqu1;
sltlon of the final behaV1or The ana1ysls (1terat1on procedure) termlnates at

ha level which descr1bes behaV1ors that - the- learneér can be assumed to have'avall-

A'llable to him when ‘he beg1ns 1nstruct10n. In summary, the spec1f1cat10n of a. learn-.'

valng h1erarchy prov1des a behav1ora1 descr1pt10n of the component behav1ors that .
“are hypotheslzed to be necessary and suff1c1ent to acqu1re the f1na1 behav1or _~*"
and ass1gns tiem an order. An exce11ent descrlptlon of ‘this procedure was pro-
},v1ded by Gagne (95) 1n a dlscu551on of hlS research w1th Brown (96) . After the'
term1na1 behav1or has been 1dent1f1ed ' '_ . ; , '
"the next step was. to f1gure out what these ‘subordlnate
.skllls‘ mlght be. Beg1nn1ng w1th the f1na1 task I found
it was posslble to’ 1dent1fy n1ne subord1nate capab111t1es, :
’7. related to- each ofher 1n an- ordered way, by succe551ve1v -
‘Jiasklng the: questlon conccrnlng each task “What would the
',1nd1v1dua1 a1ready have to know how to do in order to learn
fthls new capab111ty slmply by belng glven verbal 1nstruct10ns?"

It is probably of "sofme 1mportaﬁc“to note that the klnds of | i
%,capab111t1es 1dent1f1ed 1n thls\manner d1d not d1rect1y pertaln ‘r?v_*,
‘fto number ser1es, but rather 1ng1uded such skllls as the -
'ffOIIOW1ng L




s 25_ - . _ S . V B

'(a)' 1dent1fy1ng the locatlon of numerals in a- tabu‘ar
\array by means of letters g1v1ng the1r row and column
' flocatlon, | - L .
e | (b) completlng statements of equa11ty by supplylng
‘ "rmlsslng numbers 1n equatlons conta1n1ng mixed ar1th- .

met1c operatlonS' G _ S
ﬂ_(c) 1dent1fy1ng the numbers or - letters in a tabular
farray wh1ch formed certa1n ‘spatial patterns representedv
by lines connect1ng at 90° and 45 ‘ A _ N
T empha51ze that the" subordlnate skllls $0 1dent1f1ed are not related to
number series 1n a log1cal sense, ‘what they are related to, psychologlcally,
is the kind of behav1or the - learner has’ to engage in 1f he is. g01ng ‘to be suc-

cessful at f1gur1n out from a ,abular array of. number ser1es propertles how

'L to- formulate an equatlon fbr their, sum "

It is 1mportant to note that a learn1ng h1erarchy constructed 1n thlS manner'

(task analysls) -is an hypothesls or, more properly, a sequence of hypotheses of

Qearnang dependency .The . hypotheslzed learnlng h1erarchy is not a descr1ptlon of .
- truth AL learnlng h1erarchy for a g1ven behav1or does not represent a un1que or
L most eff1c1ent route for any g1ven learner. What they do’. represent w1thout

va11d1ty estlmates, are plauslble learn1ng sequences, and w1th valldlty est1mates,
they ‘become probable expectatlons of: greatest pOSlthe transfer for-a learner
populatlon def1ned 1n terms . of the1r entry behaV1ors.-' ERR o
Learn1ng h1erarch1es concern acqu1sltlon relatlonshlps of posltlve transfer
among behaV1ors (1ntellectual skllls) and not: descrlptlons of how one acqulres )
the knowledge descr1bed by these behav1ors.. Gagne made thlS polnt 1n his 1968
address to the Amerlcan Psychologlcal Assoc1atlon.:_(95) He observed »Un
' \\\ The questlon 1s,_what exactly are these ent1t1es, somet1mesfxg A
called capab111t1es, that make up a 1earn1ng h1erarchy? The j =“7TV"L

:-»answer I would now g1ve 1s the fblloW1ng. They are 1nte11ectual

skllls, wh1ch some wr1ters would perhaps call gggnltlve strateg;es.ﬁ

-g.what they are not 1s JUSt as 1mportant‘ They are not”'ntrtles of

verballzable knowledge. I have found that when der1v1ngwthem one :

o must carefully record statem nts of "what the 1nd1V1dual can do ",:'




T

dual knows 1

'Summagz Task analyses by one or more"expertswi\iz one method of construct—
-1ng a’ learnlng h1erarchy ThlS often called an "arm-ch 1r1ng" procedure, 51nce

- no. learner 1nput is obta1ned 1n the 1n1t1al constructlon of the h1erarchy Expert'

'Judgement is used to gu1de the constructlon of the Fequence\ The next two sectlons,

#con51der alternatlve methods for constructlng a learnlng hlerarchy.

. ‘\.‘-.

Student Generated Learning HierarchieS’ One 1mportant class of, alternatlves ‘to the

' "arm-chalrlng" procedure for construcﬁTng a learnlng h1erarchy 1shto .be gu1ded

”-'solely by learner 1nput It is 1mp11ed in the 11terature for student\ienerated

-;jiof electronlcs, was taken to a sem1nar—51zed classroom equ1pped w1th worklng

- as a respon51ve mechanlsm._ That 1s, ‘the: 1nstructor would offer 1nformat10n only

' learnlng sequence that when students are g1ven an opportunlty to sele
quence 1nstruct1onal materlal to reach a termlnal behav1or, the1r cholce and

organlzatlon of mater1al is not necessarlly the 'same as that of a curr1cul\

developer s._f ' S -/, o 15-;av;‘f" . S -;,,f} \A..‘f

and se- ~ °©

An 1nvest1gat1on by Mager (43) was conducted to. ascértarn (aJ whether learner- :

' generated sequences would be - 51m11ar to 1nstructor generated sequences, and . (b)

-

whether or- ‘not there was ‘any" commona11ty 1n sequences generated by stqdents.‘ ‘A

»51ng1e learner, who had expressed a de51re to learn something about the subJect \\'

‘tables and chalkboard The subJect was 1nformed ‘that he would try to behave only

Y

‘1n response to questlons from the subJect and woul’ cont1nue to offer” 1nformatlon

in any area of e1ectron1cs. Th1s\procedure was adopted to determlne whether or:

‘-'not there was commonallty of studentﬁgenerated sequences, even though no d1rect10n

- or spec1f1c ob3ect1ves were offered by the 1nstructor.~

A total of 51x adults (three male and three female) part1c1pated 1n the exper&-..

-i,ment | There are four pr1nc1pa1 f1nd1ngs of the exper1ment (aJ the learner begzns

‘-ﬂlnstructor. f,bfl l';' “»,",;x-

~his course’ 1n e1ectron1cs W1th an; entlrely d1fferent sets of top1cs than does the

“?f ‘When the outllnes of e1ght d1fferent bas1c electron1cs courseS/J'
' htaught by 1ndustry or- by the m111tary were examlned, 1t ‘was. found

'J"i?that a11 of them began w1th the sUbJect of magnetls}_or W1th/ﬁ5;t;»~rv5

v
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electron theor}...If on the other hand an electron1cs course f

- .~‘was sequenced by the learners, it would begln with the subJect of

the vacuum tube.m All of the learners used - 1n thls pre11m1nary

' 1nvest1gat10n asked for 1nformat10n about the vacuum . tube dur1ng '
e '?the first 40 m1nutes of . 1nstructlon. (43) 7-ﬁ T e .A:f'
(b) Even though no spe01f1c obJectlves were‘prov1ded with’ respect to lea“nlng
: outcomes, and the sub3ects were not restra1ned ‘to. any part1cular area of. electronlcs,-
there was’ commonallty between the 1ndependent content sequences generated by learn-

o ers. The commonallty of subJect matter was greatest at the outset~of”instructlon. f

() In1t1al 1nterest was: centered around” the concrete, rather than the theoret~
1cal in the "how" rather than the "why { (d) The learners were 1nterested in.
the functlonal rather than the - structural and consequently, the sequences they
_ constructed progressed frcm 51mple to’ complex tasks. Mager 1nterpreted the -ff
*'1mp11catlons of the study in the followlng way "*, o : '_"‘ R ]
R "The: results clearly auggest that tne content sequence most mean- S
;1ngful to the learner is d1fferent from the sequence guessed R N
:by the - 1nstructor to be the most’ mean1ngful to @he learner. (43) ;fj :}
ThlS conclu51on goes well beyond the. data and as such, suffers from be1ng an
overgenerallzatlon._ "To be: sure, these frndlngs suggest some support for ‘the jfﬂ
hunch that learners sequenc1ng may not always be congruent w1th 1nstructor sed
quenc1ng Further Mager suggested that 1f an adult learner was prov1ded wlth
'behav1orally state obJectlves and control over hlS learnlng, he would reach the ‘_
'fobJectlves by doveta111ng what he needed to know w1th what he already knew. /ThlS'
1nference was tested 1n a later study by Mager and McCann. ; s . - |
The purpose of the experlment by Mager and McCann (63)\was to "obtaln data
pert1nent “to: the 1nstructlonal effectlveness of two var1able5" (l) learner

T control of currlculum and’ (2) 1nstruct10nal obJectlves.ﬂ. Before permanent a551gn-~;"

'.'_ment to a p051t10n in an electronlcs corporatlon, newly graduated englneer par- f
"\\;7 t1c1pated 1n a tra1n1ng course Slk months 1n length Tra1n1ng 1nc1uded theory /

N ,machlne and 1nstrument operatlon manufacturlng processes,."d company proLedures.;'

‘-\. 'The f1rst 51x weeks of the course were ‘devoted to formal lec»ure‘*the sccond 51x

i P
,\\ weeks were such that each tra1nee r\tated through varlous derartments via temp

\ f
orary a551gnments to the manager or- ‘xpert 1n the department Durlng the,last
\ 2 .
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S eng1neer Because of the observed 1neffect1veness of th1s approach Mager and

McCann decaded to 1nvest1gate the feaslbllrty of 1nstructlon v1a student generated SR
learnrng sequences., ‘ ’ o ; _‘ \ ““f{
* . Im an experlmental group, students had complete control over what they learned
Vs, wnen they learned 1t, -and how they learned 1t They could ask. lor 1nstructlon TO
anyone in the«d1V151on, ard need not accept the 1nformat10n 1f they so des1red ﬂ\\
) - _ One 1mportant d1fference between thlS study%and the prev1ous one was that 1n' "m
55'?;$ thlS study, the students were. glvenatuenty—four pages of detalled ‘course ob;ectlves_'
_—;‘_Efwh1ch spec1f1ed the desrred termlnal behaV1ors ‘The. total effect was that in. order
'_'to reach the obJectlves the students had to.deC1de what they needed to learn 1n
: add1tlon fo what they already knew. Some f1nd1ngs of the study were .
) R l.; Tra1n1ng t1me ‘was reduced 65%. Wlthln six to elght weeks uf?:".
after tra1n1ng commenced all students were permanently ass1gned
The graduates of . th° program appeared better equlpped than ERRT
the1r colleagues who were graduated of prev1ous cycles.. Spec1~x.{ . -
‘fp“ 'f1ca11y, Fhelr d1V1slon managers consldered the°e englneers - ;ﬁ L
better tralned ‘more knowledgeable, and more condeent.. o SN S ,r;;m

"';_-" 3. Althbugh’the sequence of organlzatlon yarled from student :T'

j " to stud nt,'l ‘Tio case was 1t 1dent1cal w1th the sequences used e

prev1ously

E g.through student 1nput. In thlS study, there was 1nterest 1n determ1n1ng,the meter

'Treadlng Skllll

I

|
_ £ several klndS of experts._ An automated meter readlng examanat1on
. was adm1n1stered to a,group of physic1sts‘7 ' '

N y7» areas, the1r'performance when compare_

Accordlng to Mager' thlS study 1mplled thatmno
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ectness Mol "f - vfwf" g 4h' o x'uﬁf

“to. determ1ne whether qualltat1ve knowledge\of r&sult could be used to teach a R

fsubJect 1nformat10n for wh1ch there _Was.no rlght or wrong answer.. "The obJect

\:

F:was to determ1ne whether subJects ‘could’ 1earn to d15cr1m1nate d1fferent smoothnesses

flof metal surfaces when the1r responses were conflrmed by the percentage of expert

agreement wpth the response rather than ‘by an 1nd1cat1on of correctness or 1ncor--

‘\',' ' ’

An. "expert' was . def1ned as an 1nd1v1dual who had- rlnal author1ty over the “if“”

d1sp051t17n of the metal mater1a1 in quest1on, rather than 1n terms of a’ SpGleled i

Qfl;mcollectlon of skllls. The s/zmulus 1tems were. ji dged by th1rty-51x erperts and

“Etlves and an 1nstructor that*could be quest1oned at w111 The members of he

"‘l.,

the1r averaged,gudgement used as. the standard crlterla.:._ L qn ;'hr!“
., The f1nd1ngs of the exper1ment revealed that the performance of the experts

turned out to be 1dent1cal ln every respect to that of the control group recelv- R

1ng no tra1n1ng whatsoever. ‘Mager and Clark¢abserved "...some experts know a °gﬁ e

good deal less than we g1ve them cred1t for."' They cont1nued 1n the follow1ng

o

' “There have been countless studles, for example, 1n wh1ch the :“’; 7'7’{5V
’“:;1‘ab111ty to pred1ct human behaV1or was studled as: a fUnct1on ofg T
i{tralnlng and experlence level The ego deflat1ng results have,
,“;;'T;unlformly demonstrated that the predlctlons of those nelve _' 7
‘organlsms commonly referred to as’ "colleg~ sophomores" and A
,x"underpa1d secretarles" were essent1ally as aCcurate as. Judg-- 1;1“ S
.sﬁfa]ments made by h1ghly tra1ned and experlenced c11n1cal - pSy- “,;-?“'5,4?f7
o chologlsts. The expert, 1n other words, d1dn't made Judgments'h |
:j any better than the nOV1ce. ‘ ""'“

Allen and MacDonald,{lOO) conducted an experlment 1n wh1ch one groun learned B
from a l1near program, wh1le each member of a second,group was prov1ded w1th obJec- fu

‘ h‘e' E ﬁemlﬁé

o
L2




dwell as "the- program group and in’ nearly alf the tlme.- The f1nd1ngs of thlstf:J#;fg;h;f:
- _study were in agreement w1th those of Cam bell and Chapman. (101) -mf 1;A“_“ _!p_l
- ,”_' In a 51m11ar study,- Kaplan. (102) de51gn;u an experlment to de erm1ne 1nto:;3ise;%fl
‘;fwhat sequence students order 1nform1tlon. _T tact1c of hav1ng the 1nstructorahnj{ ?t
Afact as a *espon51ve mechanlsm was employed The subJect matter was thatﬂ&ﬁ ﬁféfﬁ*"

ﬂ"ve‘tors" and the f1nd1ngs of the study substantnate those of ger.

Spec1f1ca11y,.;;"
:“?'the students moved from concrete to abstracv/ there waslgreaxer commanallty*oi vff"mf

que'tlons at the outset of 1nstructlon, an a11 student

, Mo matter how na1ve
E clalmed ‘to be, possessed some knowledge of vectors/ Kaplan compared the T
vjfsequenclng of the top1cs by the ;tudents/io three stand\rd textbooks and noted :
. "The. assumptlog that the 'bes}' Jequence for the studed is the"1nstructor genetiti: .

. erated sequence should be modified. A e f“A ' 'f @,:55'A7~f';' ERIR S

Shannon 1nvest1gated (103} the duestlon of whether ach'evement . L s
would be affected d1fferent1y if two frpups of Sttdents were taught 1dent1ca1 "ﬁJ?:JT
e content one by a teacher determlned iequence and the\other b.\: student deter-..~fl

R - . B

. mined sequenceruu

-4.,«A'
3

Data .was gathered on f1fty-f1ve students taught a\ser1e5°of 25 mxnute—lessons ;

“on the top1c "ana1y51s of basic bookkeep1ng transactlons" in one of two treat-

[

..ments. The f1rst group was taught by a teacher determ1ned sequence of 1n$truct10n
This: sequence was based upon a behav10ra1 1earn1ng h1erarchy.; The second group o
hwas taugh .by a student determlned sequence of 1nstructlon.' Thc termlnal behaV1ors d
of the 1earn1ng hlerarchy were glven to the students 1n the second treatment. f! ST

.Statement of the termlnal obJectlves were prOV1ded in wr1tten form Students 'f;" S

worked in groups of three to- flve,\351ng the teacher as a response mechan1 m.-
The same teacher taught both treatment groups. No texts or outside’ sources were
pr>v1ded during ‘the e1ght‘days of". 1ns ructlon. - “"f,'jf j'“f f ~1Q/1, ;\"'

2

No stat1 t1ca11y algnlflcant d1ff rence .was- found between the mean scores \\k"
"»of treatment groups on either an ach1evement teat or a. transfer test Shannon

\" o
"concludes,that learners are as effertlve 1n sequenclng 1nstruct10n for themselves—’_”ﬂg

PR ...

‘as instructors. thothe51z1ng an effectlve ‘common sequence for 411 1earners.~b-;““'“’3"“

e -#_-’
' RN i -

',- ' . E L'.'a—."l . . ‘, -~ . . S .,, o

: arx'* There appears to. be support in the research 11terature for the findlngs
'ffthat "expert" generated learnlng h1erarch1es and‘student generated learnlng h1er- 3 Xf‘

S S

. ‘archles w1th the same: termlnallbehav1or are npt equlvalent Whether these d1ffer-1,~
" S

ences affect vau151t10n, rate of acqulsltlon, or retentlon is unclear at thlS I

. . CARY 2 B ) B T :
We s
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and needs systematic’ investigation. *

e T

o .'I .' . R

. -/Instrtwtor Generated Learnlng q,HLera>% es.;' \
lternatlves to. the ""arm- cha1r1ng" procedure or th stu ent procedure for i
,tlng a learning_n’erarchy 1s to comblne student iny ut w‘th the "experlenced

‘based" ﬁnput of the professlonal 1nstructor.v_'”'f ' d\x e

| /A,/\’. . { . .i“; " . - i \ -7
. _. ‘c ; . . \ \ \ B . -
R J The flrst approx1mat10n of a learnlng h1erarchy is N

often éonstructed by h

- two or more content experts draw1ng upon the1r exper1encen/dth partlcular content
t

f1eld Usually by exchanges of_1nformat10n the dlseussa s w1ll Uarm chalr",a,u‘

learn%ng h1erarchy.- Valldlty data are then gathered a;? reyisions‘ma e.
Ny :

Clearly

-.such procedure is- h1gh1y vulnerablelto personal bias/and may produce a\poor-

flrst-approxlmatlon in need of extensﬁve rev1sion. #}ndeed, 1t 1s the experlence

of m" _
evel ;of écqursltlon and some _\‘\\ﬁ
neven achleve thrs level -(104) pne alkernatlv_ to’ ‘the "arm-chalrlng" procedure

y who construct and valldate learnlng h1erarc es that three.or more rev151ons

are . rd1nar11y necessary to. ach1eve an Sd percent

e

1 o

is’ the learner generated tact1c dlscussed in the/prev1ous sectlon._.J

Another alternatlve coﬁblnes both expert 1nput and student 1nput.ﬂhTﬁis}v
_ second alternatlve strategy/for learnlng h1erarchy‘development is suggested by
A /% , i I
" the work of Dav1d70n (105', Elsenberg (106), fd McKeen (107) ,11 7355 ;°,-“’

L4

- : / RSN
: essemtlally those de: ’r1bed 1n "Se1ect1ng Tasks .for Tra1n1ng," developed by the

Un1t d Stafee Contlvental Army Commhnd sz) The actual contructlon procedure
beglhs w1th the id ntmflcatlon of a term1

The procedur's ut:llzed in the coZRtrpctlon of the 1n1t1al hlerarchy*were L

al—behav1or for the Iearnlng h1erarchy
about to be creat ed. [ i - j.ﬁ-f ’:;fﬁ' : '

. \'. L _'._

constructlon pr cedu beglns w1th *he'assumptlon that each dlSClpllne can be con—

51dered as be1 g the unlon of certa1n ets of subareas. For example, several

tlons, 1ne."a11t1e_; and graphlng E fsubarea must be 1nstruc ve 1n 1ts uwn rlght *_
tary hlgh school algebra, a subarea would be '

Forsexamp e w1th reference to eleme

'*Tthe;solu 1on of l‘near equatlons of he form ax *. by'—-c, where a, b, and c are

[

| However, the profess of flndlng the 1ntegra1 solutlon cet to

thé'equatlon 3x + 2y -4 would not be con51dered a subarea because of 1ts lack

, e oy
I, te ‘ ¥ - e .

P & ’ . C et - T - " - Tt = T =
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& curr1cu1um de51gner had 1dent1f1ed a subarea, 1t is then :

;'transcrlbed 1nto a set o :behav1ors that are necessary for svc:essful mastery of the -
hsubarea o ' ' '

.of generallty _Once.

: Transcrlblng a. subarea 1nto'representat1ve questlons or problems is the’ next
-task undertaken in the Davldson Else\berg McKeen procedune However, problem ]
~def1n1tlon 1s not 51mple., As Dav1d Hllbert (154) stated ) ."' 0ot 0?._,,:_ g
A mathematkcal problem should be d1ff1cult 1n order to ent1ce'_
us, yet not completely 1nacce551ble, lest 1t mock at our efforts.
It should be to us a gu1de post on the mazy paths to. hidden _
L truths, and u1t1mately a rem1nder of our pleasure in. the- success-”
C T ful solutlon o - ,_,.'Wﬂ ‘"'

.

The follow1ng are necessary characterlstlcs of a subarea

:j: \' R l Is-the'scope of the subarea general enough S0 that it may _; |
) SR - be cons;dered B iajor facet of the dlsclpllne? S
',fﬂﬁ o _f2 Are the questlons and problems representatlve of". skllls '\T
| \"' | frequ1red 1n the subarea? T }_;.: x__" . \
- \- -3, Are the questlons and problems representlng the - subarea "7-'§Q%
En - - non tr1v1al to the students for whom the curr1culum is belng | "\iﬂ : :
' ~developed? L f S ?p IS

They counsel that 1f each of the above questlons can be answered in the aff1rmat1ve,
' then the de51gners are ready to. beg1n the constructlon of a learnlng h1erarchy.

‘For' each subarea of a g1ven course of study, the des1gner 1dent1f1es approx---“

e ¢

1mately 51x prerequlslte top1cs necessary “for. a successful reallzatlon of the '

1. subarea.f U51ng the relatlon "is' a prerequlslte to"\ these top1cs are arranged :,b o

o

PR

S 1nto‘the h1erarch1al form. For example, con51der elementary mathematlcal analys1s~*'frfT“‘
as. the focus of concern ‘and construct1ng proofs concern1ng the ex1stence of 11m1ts IR

of real valued sequences as the subarea.‘ Several prerequlslte top1cs necessary

v for " a successful reallzatlon of thlS subarea m1ght be‘_ applylng the ba51c 11m1t ‘
theorems of»real-valued sequences, apply1ng the def1n1tlon of a 11m1t of a sequence,_-

ClaSSlfylng real\valued sequences and determlnlng a’ general term in a real-valued
Sequence, . o ’ _' : .\_ R o o ,/l s el )

The ch01ce of 1dent1fy1ng "51x" top1c cells is an arb1trary one. However,_ '

- 1t should be noted that this development dlffers from the "arm cha1r" approach

-\9 . Je

. . -
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~in the sense “that the deslgner globally analyzes the subarea, and chooses apprOX1- }
_'mately s1x prerequlslte top1cs needed for a successful reallzatlon of it. 1In, "j$\'
choos1ng prerequlslte top1cs for a g1ven subarea the deslgner asks _himself -the N
_ follOW1ng quest1on" "If I had to select six top1cs one would need to'know in . _;:1\'
\ order to, demonstrate competence.1n thlS subarea, I would choose o _ |
. Once the’ skeletal top1c h1erarchy has been constructed each of-it '1ls -
__.1s ‘translated into a set of performances ‘which are 1nd1cat1ve of competc ;.in'
" the topic; - Hence a second- skeletal h1erarchy con51st1ng of perFormance tasks is _w
ill_ 'consbructed At thlS stage of- the procedure two skeletal h1erarch1es have been
:'l_ constructed Both h1erarch1es are skeletal in the sense that they do not con-
"‘1n all. of the prerequlslte behaV1ors necessary fbr the acqulsltlon of the terma
" inal behaV1or._ o “'_' S e ‘ S . e
A problem representat1ve of the lowest\cell 1n the t0p1c h1erarchy is selected
Th1e probiem is presented to a group of four. students, ‘the. other groups are dis-:
mlssed for’ the present t1neu; The pedagoglc style 1s that of Shulman' 1nterpre—
“tation of employ1ng a behaV1oral h1erarchy 1n a d1scovery 1nstructlonal settlng.'f
That is, the 1nstructor presents the problem to the students of ‘the group -and -
- then, w1th the\recorder, observes the relevant behav1or exh1b1ted, 1nclud1ng
the questlons ralsed pursuant to a solutlon., el ' i,, L
‘ The students are not perm1tted to ‘work - 1ndependently of "the1r" solutlon to;.
-'“; the problem but areqencouraged to share the1r 1deas and suggestlons for a solu—fﬂ
E; tlon with all members of the group . It JS assumed 1n the mode1 that. the solutlon .
x to the problem be a group solutlon not an 1nd1V1dual one. To help accompllsh .”--f'*”

th1s, the students are requested not to_také~notes—unf11 the- last ten m1nutes of

-’“—d“tne 61ass perlod CAt that t1me, théy out11ne the act1v1t1es and problems under»-:tp
dlSCUSSlOH for the1r own. record This restrlctlon is 1ntended -to encourage the- T

students to function as a group.. ‘ . e A - _ ,' '

_— The student 1nput'rs recorded through the 'use- of an 1nstructor serv1ng as -

3 a recorder._ ‘Since there is also a need for a classroom 1nstructor, at least two
professlonals are requ1red in thls model dur1ng the hlerarchy constructlon. 'How'"___v

- many recorders should be: °mp10yed for max1mum effectlveness? Clearly one recorder |

. is. not as eff1c1ent W1th respect to 1nformat10n gather1ng as. more than one.v How-‘“ ,' _;f
ever, Ha1man s text (108) on’ group leadersh1p and democrat1c actlon offers f1nd1ngs- ~

s L T e . Co.a

[:R\f: | ..?f'_;'..lb;i .l-.,'yjjwwa'ii;:3ﬁ?1p::.--:.i f.i;f.p‘5_¥w;l.; :. _? m;flf'
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_to support the hypothesls that.group act1V1ty 1s 1nversely proportlonal to the
number of author1ty~f1gures present Because of the de51re for ‘maximum- student o

"act1v1ty the nodel calls for one, and only one recorder. ‘ T

As a solutlon to the problem evolves, 1t 1s the respon51b111ty of the recorﬂer :

.and 1nstructor to. 1dent1fy top1cs dlscussed and questlons asked dur1ng the session,

The 1nstructbr plays the role of a resource 1nd1V1dua1, a person to whom
"f='the members of the clasS°cah~approach for guldance 1n the1r work, but one who _
- will not do the1r work for. them. ”he students may. make many false starts before

uthey 1dent1fy a plau51b1e approach At t1mes, the - students will not have: the
jsllghtest notlon.as to how they can. attempt a: solutlon.”
tor g1ves the students an. "1n1t1ator act1v1ty/" An 1n1t1ator act1v1ty is. def1ned
' jras-a hint. - It 1s an act1V1ty that will help the students construct a solution _"1

;to the problem. For example the 1nstructor mlght state '"What would happen o
1f you con51der.J.," or "Why" d1d you dlsregard your preV1ous 1dea of...,"or_ L
'Did. you do anythlng yesterday that m1ght help you. w1th.... " The 1n1t1ator
_'”'act1V1ty m1ght also take the form of the 1nstructor draw1ng a d1agram upon the. ~
B chalkboard

.{to gulde the students to a solutlon to ‘the problem.

An 1n1t1ator act1V1ty is a h1nt not an exp11c1t set’ of'1nstruct10ns'
Regardless of the type of

- _1n1t1ator act1V1ty, two condltlons must ex1st before an 1n1t1ator act1V1ty can

e

'be used ' S jy,'”, '}A o ,; .o v' ' - _f\ ,;léﬁd'

:l,‘ The 1nstructor Judges that group_progress W1th respect to

,,,,, ,.ﬂaeglven p”‘blem 1s un11kely W1thout an 1n1t1ator act1V1tyr

2. ‘Group- act1V1ty has -come to.a standst111 for a perlod of

at- least *hree m1nutes. (100) ’j-v i;f"

" By 1dent1fy1ng the behaV1ors -and top1cs for wh1ch the students collectlvely?'*

"_exh1b1t a need as they attempt to construct a solutlon to a g1ven prcblem, ‘the
- p

' de51gners are able to expand upon the skeletal h1erarchy BehaV1ors 1dent1f1edr~”
"7by the students as prerequlslte to a g1ven cell are- 1nserted 1nto the skeletal

h1erarchy. :

_ ry The student 1nstructor procedure for, constructlng learnlng h1erarch1es’
"prov1des for a mu H br ader base of 1nput 1nformatlon durlng the assembly of the

,:1n1t1al approx1matlon.‘ One research hypothe51s suggested by thlS procedure 1s L

- that. the broadened 1nput reduces the’ magn1tude of each: h1e“archy reV151on.,

o 1er—hypothesls related to, thls procedure is that the total number of reV151ons'

At | th15 pOlnt the 1nstruc-

An~ R
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neededftovachieve’a_giyen yalidityplevelIis;reduced B » s
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Research Foundatlons of the Dav1dson - Elsenberg - McKeen Model

The ba51s of
. the DaV1dson E1senberg McKeen procedure for generatlng learnlng h1erarch1es ‘is

an outgrowth of Dav1dson S- work w1th small groups at the Un1versltles of Wlscon51n

‘ﬁ1 and Maryland (109) The procedure also encompasses the theoret1cal 1mp41catlons
é

of . Bruner S Toward a Theory of Instructlon (110) and Gagne s task ana1y51s

¥;q<procedures-wm(lll) ‘ '

S e

. IR v \'
o e e .

The entlre developmental procedure 1s embedded 1n a. "democrat1c env1ronment

o model” based upon Wh1te and L1pp1tt's f1nd1ngs on autocracy and democracy. (112)

: These stud1es have shown that the g1v1ng of 1nformat10n, st1mulat10n of self-

d1rect10n, group openm1ndedness, and work eff1c1ency W1thout superV1510n“were

"“—*gTEafI eﬁﬁanced in a democrat1c as opposed to an autocrat1c or lalssez fa1re
o atmosphere.

The- democrat1c atmosphere 1s ach1eved by the students and exper1-

menters being on-a. f1rst name basls, 301nt,student expcrlmenters' declslons on
grad1ng,'and group solutlons to. problems.

The results of the stud1es of Wh1te and

L1pp1tt have been conflrmed by the research of Faw (113) and Sm1th and Johnson.
(114} 'i:_“?.fa- B s

Concernlng anx1ety in- the mathemat1cs classroom, Sk1nner observéﬂ that

“' - ﬂa».’ v
...the f1gure and symbol= of mathematlcs have become standard
'emotlonal st1mu11.i

A

L The g11mpse ‘of a. column of f1gures, not - e

v to say an a1gebra1c symbol or an 1ntegral 51gn is l;keLy~to

‘ set- off not mathematlcal behaV1or bu*-a reactlon of anx1ety,»
'.ﬂgU1lt or fear.L (115)

P i »
. e e T - Lo - R
. S e

The hypothe51s that anx1ety is a deterrent to ach1evement has also been supportedg '

by Chansky (116), Keller and Rowley (117), Dreger and A1ken (118), and’ Keys and
7 Whiteside (119)

Symonds, after reV1eW1ng selected emp1r1ca1 stud1es concernlng
- the. relatlonshlp between anx1ety and ach1evement, stated that anx1ety"...W1ll

1nterfere 1ncreaslngly w1th problen solv1ng, reflectlve th1nk1ng and creatlveness SRR
f120) Learner anX1ety is reduced by the democratlc env1ronment

Slze of the learnlng group also bears upon learner anxlety.

_ One 1mp11catlon h
1n the research by M11 'S (121) and Bales and Borgatta Ll22) ‘s_that*fourtmemuml

i

e groups would be more de51rable than three member groups. The1r f1nd1ngs suggest

&

o,
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that in; groups of three members, a COalltlon of two’ Egalnst one emerges,‘ln groups

~.w1th more than four members, a leader emerges.~ Monad and dyad groups were _not.

‘:z chosen for several reasons (a) Slater (123) has shdwn that le“els of tenslon

‘“lﬁ 'ry‘ The flndlngs suggest there is- a lack oF commbd a11ty between the f1rst C

- the skeletal h:erarchy From these f1nd1ngs, the modeM
}1n fours o ' o " ' ‘

i are 1ncreased 1n dyads as opposed to larger groups an (h) it 1s unllkely that a°:p,

slngle 1nd1v1dual would be able to construct solutlons to the problems stated in

calls for students grouped

ed1t10ns of_lnstructor-generéted learn1ng h1erarch1es a d f1rst ed1tlons of
student-generated learn1ng h1erarch1es. Moreover, the reported research 1mp11es

that the. meanlngfulness of 1nstructlonal mater1a1 may be 1ncreased b/ allowlng

'the learner to 1nd1cate what gaps ex1st for. h1m at the trme they appear, and

~ o

then make avallable appropr1ate 1nstruct10nal agt1v1t1es.

Interpretatlon of the re1at1ve effect1veness of . student generated learn1ng R

W

- ¢h1erarch1es is unclear.' Comparlsons of results obta1ned from arm-chalred learn-

51ng h1erarch1es,;student generdted h1erarch1es, and learn1ng h1erarch1es constructed

& by follow1ng the Dav1dson Elsenberg-McKeen procedure have not been made.:nAt‘.

“.least no’ such 1nvest1gat10ns under controlled experlmental cond1t10ns were uncov-l

'?iered by the 11terature search bnt1l the effect of each of these sequenc1ng pro-%“

cedures upon respond1ng var1ables such as. acqu151t1on rate of acqursltlon, foI—s

gettlng, and rate’ of forgett1ng are better known, such research efforts deserve

agv a hlgh pr10r1ty on the llst of needed act1v1ty. L E CT ’;.
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Much of the research on learn1ng h1erarch1es has focused upon the examlnatlon.frb

fof the cumulat1ve learning. characterlstlcs hypothe51zed for such sequences.' Rela-T

tlonshlps between two adJacent 1evelc of a 1earn1ng h1erarchy has rece1ved the

 most attentlon. ‘ '-7Q-:j." SRR i ‘L

Hypothe51zed dependency between a set of SLbordlnate behaV1ors and a termlnal;

-behavlor ‘draws - heav11y upon the concepts of med1ated transfer and learnlng sets.
'»Harlow (124, 125) formulated the concept of 1earn1ng set to refer to the phenome—f

. non- of transfer between several examples frem—a:sxngl—”’lass of problems. Gagné

~ "a and Paradlse (126) expanded upon Harlow s mean1ng and’ used learnlng set to refer

to spec1f1c sets’ of'capab111t1es, subord1nate to some term1na1 learnlng task

-

A number of stud1es perta1n1ng to the constructlon and test1ng of behaV1oral

4h1erarch1es have been conducted by the Un1ver51ty of Marylard Mathematlcs Pro;ect

in. conJunctlon with Robert Gagné ~In the first of these stud1es reported by .:"_-

"Gagné and Paradlse the 1nvest1gators analyzed a f1nal behaV1or represented by

.construct1ng solutlons to- 11near algebraic equatlons.? (126) A 1earn1ng h1erarchy.

was constructcd by.a task analy51s procedure The procedure 1dent1f1ed three

*1mmed1ate subord1nate hehavlors. The analysas was “then repeated on each of che'
o three subord1nate behavlors and y1elded a collectlon of behaV1ors subordlnate to .
Aeach of the three. Succes51ve 1teratlons produced a’ learnlng h1erarchy of twenty-.
»two behaV1ors subord1nate to the term1na1 behavlor and arranged 1nto f1ve levels.
{ﬂThe study by Gagné and Paradlse was de51gned to test the hyporhe51s that the B
iacqulsltlon of a term1na1 behavlor depends upon the attalnment of a h1erarchy of )
':l:subordlnate behav1ors wh1ch med1ate p051t1ve transfer from one behav1or to ‘the

'next hlgher relevant behavlor in the 1earn1ng h1erarchy and eVentually :to the ter-
um1na1 behaV1or. . IS f;_“};’lﬂ:;"... f_-*“"dw~ SRR '_"“"f?

o

The 1nstructlonal mater1als con51sted of an eX1st1ng learn1ng program con-

. structed to teach solv1ng of 11near equatIons and was d1V1ded 1nto e1ght book-
“lets de51gned to be used in e1ght succe551ve school days. Wh11e the der1vat10n B
“of the 1earn1ng h1erarchy’was gulded by-the approach used in the 1earn1ng p» 3ram,
ﬁthe h1erarchy was not d1rect1y def1ned by the 1earn1ng program.l;

> v

~

Three performance measures were constructed and admlnlstered at the comple- v

. t10n of the I“arnlng program. The f1rst test cons1sted of construct1ng solutlons

q.
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@.to ten equatlons llke those in the*learnlng program. The second measure was a”
transfer test con51st1ng of ten add1tlonal 11near equatlons w1th unfam111ar forms
and symbols.ﬁ The th1rd fest measured the atta1nment of each of the twenty—two

: lbehaV1ors in the learn1ng h1erarchy : : E A ﬂ. : ) e oo

The exper1mental subJects were sampled from four seventh grade mathemat1cs
.classes in two schools.. Data are. presented for 118 subJects._ Gn the day follow-_
. 7T f1ng the completlon of the learnlng program, the performance measure was’admlnls- o
__—-*-—tered for twenty-f1ve m1nutes followed by the tranpferpmeasure for twenty m1nutes._;‘
- The twenty-two item test asse551ng the acqulsltlon of the behavlors 1n the learn- ST
?i_lng h1erarchy was admlnlstered for f1fty m1nutes the next day.‘,' -
The ratlos of poslt1ve transfer (va11d1ty est1mates) range from 1. 00 to a | R

low value of 0, 91 Slnce the values of these ratios’ were verv close to the C

‘theoret1cal pred1ct10n and well above the level of chance, i was concluded that

the data supported the pred1ct10n of 1nstances of p051t1ve/tran51er to each be-
' hav1or from the subord1nate relevant behaV1ors. o /=

The hypothe51s of the Gagné and Paradlse study was arso 1nvest1gated wrth
~d1fferent 1nstructlonal materlals in a later study. Gagné Mayor, Garstens, and
_Parad1se (127) reported a. study des1gned to test the lypothesls that a f1nal be-

havlor of" adding- lntegers depended upon the attalnment ot a hier ,ﬂhy of subordln—

\.',

ate- behaV1ors. A 'second purpose of the exper1ment was to 1nvesrlgate the var1ables,,,ﬂa”
"of recallab111ty of relevant subord1nate behaV1ors and efft ect1ve 1ntegratloh of .
_'the subord1nate behaV1ors into the" sOLut1on of a new behaV1or. The 1ntegra ion = ‘i,ft'

: var1able was stud1ed by systematlcally varylrg Ihe amount of guldance p

“the learner in lead1ng h1m from one behavlor to another. mepetltlon of preV1ously f: .
developed behaV1ors was_ used to study the effects of the recallab111ty of subor-~% -

fd1nate relevant behavlors. ;mf" o _;", e ﬁ%- T o T Lo
T T R SRR et n P

E The 1nstrn +ional- mater1als were - deve10ped arbv two term1nal behaV1ors,.[. s
:f"addlng 1ntegers" ‘and ”formulatlng a deflnltlanvof addltlon of 1ntegers for. spec1-‘i;§ '
.3f1c nunbers - uslng tbe necessary propertles.ﬁ Analy51s of the two termlnal S .*: ‘f .
'behavlors y1elded a h1erarchy con51st1ngaofffourteen behav1ors at 51x levels.f A -

o ;learnlng program was; wr1tten to help the 1earnerj;cqu1re behaV1ors and ordered 1nto B

'i-a sequence wh1ch wou1d follow the learnlng h1erarchy. lThe program“was mod1f1ed 1n e

"_four spec1f1c ways to 1nclude d1fferent comb1natlons of h1gh ana low amounts of

s

'7repet1t10n aﬂd gu1dance. f_'Ef K ,v:;'wfg TR S ;;“;Elmffuf _ "f . : ﬁ

|
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One hundred th1rty;two students 1n four seventh-grade classes’£r0m tw_ schools vﬁ,?

comprlsei the experlment 1 subJects., Each class .was . dIVlded into "hlgh" \jd "low" !

ab1’1ty groups on the basis of mathematrcs grades rece1ved in: portlon of the-pre-~v

_vious school. year.,ﬂW1th1n each ab111ty subgroup, equal numbers of student* were

S —wrandomly a551gned to, ‘the- fo\» eiperIEEntal groups: h1gh gu1dance—h1gh rep%tltlon

h1gh guldance low repet1t10n; and. low gu1dance-‘ow repet1tlon.5 _f _- - \Kn

- .\‘-

” The four 1earn1ng program corre5pond1ng to the four d1fferent treatment groups

“were: d1V1ded 1nto four. booklets and admlnrstered ‘on four d1fferent days.f Each suly

ject rece1ved a booklet codedufor the part1cu1ar experlmental condltlon to Jthh }."'

-He' was. a551gned - VA R
1

\

A performance test on add1t10 of 1ntegers and a transfe?,test were g1venfon :
the. two eonsecutlve days followlng he completlon of the 1ear:1ng program.f on’ the :

n an ach1evement test thatacontalned at\ east

'sted 1n‘the h1erarchy._ An 1nd1V1dua1 ciuld _* /:g

e
recelve a.paSS—scorngozpa behaV1or p 0V1ded he correctly responded to both the

1tems measur1ng the atta1nment of that behaV1or. if the student correctly\resﬁ:h o

th1rd test day the students were gi

two 1tems for each ~of the behaV1ors

formances 1n thls study revealed resultsdin c0mp1ete accord w1th the frndrngs of
Gagne and Paradlse. :The ratlos of pos1t1' transfer (va11d1ty est1mate) exh1b1ted -

a range of 0 97 to 1 00 Whe results of t'1s experlment prOV1de add1t10na1 sup\ f{? ”

[P

behaV1ors and uslng the ana1y51s procedure desc;1bed prev1ously tc 1dent1fy a .:!_i““«_

‘5" h1erarchy of subord1nate capab111t1es ‘Behaviors' fron non—metrlc g%ometry conf_ k -

_,,/ H
st1tuted the f1na1 behaV1ors for th1s rnvestigatfsn and the ana1y51s y1e1ded n1neL :

L-teen behaV1ors ordered 1nto s1x levels subordlnat’}

The study was de51gned to 1nvest1gate two hypftheses'* (1) the attalnment\of\

SR S T a\ : \
e -_p_,"__.»‘

E

l
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Ty each behav1or in the hlerarchy is dependent upon pOSlthe transfer of
\

f:from the' next lower level capab111t1es and @ such transfer required.

:f_;recallablllty of all the nex lower subordlnate tasks./ The: man1pulatA

.0
\

nattalnment of a behav1or and the 1ntroductlon offthe next behav1or.;f‘

The 1nstructlonal materlals con51sted of f1ve alfferent forms f a. qearning
L3

\ :errogram wr1tten and sequenced on the delS of the h1erarchy Prog am El conta1ned

.. | only. examples s1malar’to ‘the or1g1nal behav1or eyamples and was de'1gnated the B
4f~ 'i'ﬂ'mlnlmal variety program. Program E2 1ncorporated examples of the fype used 1n El -

'yas well as/@ome examples of 1ntermed1ate d1fference 1n!context E'vwas denoted as"'

:the 1ntermed1ate varlety program.‘ The max1mum var1ety program,v%%ogram E3, con-
ﬂtalned some E1 and E2 examples plus some wh1ch were of max1ma1 contextual d1ffer—“
nence.: Program EA conta1ned 1rrelevantxar1thmet1c exerclses S0 t at the subJects
ispent the! Same amount of t1me as 1n Programs E1, -E2, and/ES . Zogram EO was' the

s requ1r1ng_the'h

completlon of each subord1nate task ;'xf"f; .....,r’ff";“uf ' 'ff_rfva.‘ Ty
1 P 1 \ % / . . . Ea . . T .

The populaﬁlon con51sted of ll6 s1xth-graae students in ur c1asses from

bas1c program w1th no addltlonal frames beyond the 1natral fram

i
i

'ftwo schools. The subJects 1n each class\were randomly asslgned to one of the

iThe dec1slon to ellm-"
'1nate students absent for one or :more ses51ons resulted in, a toﬁal of” hlnety sub- " -
.y

Jects w1t e1ghteen subjects 1n each group. No s1gn1f1cant d1fferences were found

among theigroups on the ba51s of the1r’mathemat1cs grades tor the term prlor to

L R

the t1me of experlmenta[ion. T R T IR S R

gfflve groups represented by. the f1ve experlmental condltlons

L : | e
¥ . L S : . R :
! o

Two performahce tests were adm1n1stered on the two days follow1ng the comple--”

tlon of jhe eleven booklets of the learnlng program (elght for EO) * The f1rst B

cest con a1ned a var1ety of examples represent1ng the ClaaS of’ performances asso- .
1 o

c1ated w1th ln“ f1nal task - On thefsubsequent class day a tqst of the subordlnate .

i _Ttasks was admlnlstered o the students. e }d'}h-u./_.__ﬁ‘~3.l ' "',k.
. AT . ] ’ -_.'i,-, } ‘ ,' ‘. . A . i
Comparlson of the means of the performance measu.es/reflectlng the effeits of
fferences.‘ Fhe 1nvest1gat‘rs’concluded that the v_rlables

”fnumber and var1ety of ta K examples\and the e1apsed ‘1me between task 1earn1
v . (*
" revealed no 51gn1f1cant }




'ﬁof task%varlety and t1me were not shown to have any effect on learnlng 1n thls e

. . . . oL i . I ; '
R R P . . L H . i
@ AP -‘-‘~ . _‘AJ_.‘ ;o : . \ R _ i . C !
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vsltuatlon. T D -"f "-h' SR T

The 1mportance of order of acqulrxng subord1nate behav1ors in a learnlng

fmh1erarchy was agaln shown to be an 1mportant factor 1n mathematlcs 1earn1ng. As~ﬁ'

3 the prev1ous stud1es,\the posltlve transfer ratlos (va11d1ty est1mates),were S

- a ”rok1mately one, rang1ng from 0.95 to l 00 The data supported/ he conclu-- -

' f si ns of the preced1ng stud1es, namely, the\attalnment of any behav1 5T 1n a’ learn-

;1ng hlgrarchy depends upon the ach1evement of the relevant supportlng behaV1ors.

Tmaterlal of thls nature learned by a caref 11y prepared 1earn1ng program ls hlghly o
; gre51stant to forgettlng. e }r’ f - o ‘ -‘_ wfuc_

ftest were quhte low compared to the same atIOS on the test ‘of . the f1na1 behav1ors.f
' TnThe retenthn ratlos exh1b1ted a range fr m 0 ?0 to 0: 88 These results 1nd1catedifu
"that some of the subordlnate behav1ors we\e forgotten even though the perfarmance

Py

fx;of the f1nal behaV1ors remalned at a 1eve1 as - 1gh as/ that{orlglnally attalned

1K , ~
A retentlon study was conducted w1th the same group of subJects apprOX1mately

_5n1ne weeks after the completion of 1nstruct10n° /Tests were admlnlstered to mea--

sure the retentlon of the f1na1 behav1ors and the subord1nate behav1ors. Each

“;tem on the or1g1na1 tes s was changed contextually for use on the retentlon tests |
to prevent reCognltlon. o ' » .

: : SRR B v : - _
& 4
- Retentlon as mea?ﬁred by the: test on the/flnal behav1ors was, generally h1gher

f than ach1evement 1mmed1ately follow1ng 1nstructlon. The retentlon ratlo (retentlon

_score d1v1ded by po“t test scorej was greater than one for every group-excep* El -

whereuthe rhtlo was 0. 75. The mean. of EX. di ffered 51gnf1cant1y from the mean of

EO: at’ the one percent level but all other 1nd1v1dual comparlqons 1nd1cated no

7_51gn1f1cant d1fferences.p On ‘the. ba31s of these results, 1t was’ concluded Lhat

I

\ /

An ana1y51s of varrance app11ed to tﬁe scores ol.the f1ve groups on the reten-

“?;tlon test of the subordlnate behav1ors revealed no’ srgnlflcant d1°ferences among B
'\‘ﬁthe groupSA Thus the low retentlon s;ore of group El on the flnal behav1ors '
".occurred desplte the fact that thls group reta1ned the’ subord1nate behavrors as e

1¢we11 as the\other experlmental groups. In addltlon, the retentlon rat1os for ‘this .

| o
LN

oS ».\

{' . ((/

e : EE | L A
l

.', The orgett1ng or the subordlnate behav1ors exh1b1ted an 1rregu1ar and appar;§\__,

'“ent random pattern, occurrlng w1th .no greaLer’freqUency at" one 1eve1 than another e

Eﬂ'ln the h1erarchy.~ It ‘'was the op1n10n of: t

e authors that wh11e the retentlon of

R *y

B
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‘the subord1nate behav1ors d;d not appear to be essentlal to the exh1b1tlon of;the

‘f1na1 behav1ors once they- had been learned /1f the studenc were reqqued to’ acqu1re

a new behaV1or dependent upon the same subqrdlnate “ehav1ors, these same subor--
”d1nate behaV1ors would have to be recalled in order to penform the1r bu11d1nc-,u
. block functlon found in the preV1ous studles.zup{-j,é_“\j;s'; A°"E=.'{ S e

Ir each’ of the stud1es by G gné and hlS co—w0rkers, a, h1erarchy was construc-_'f~A[
ted by an a prlorl ana1y51s proc dure that was: hypothe51zed to’ exhlblt a pattern ;/@;
of p051t1ve transfer to each hlgter Ievel task from the relevan lower level tasks. L
The ba51c data pertarnlng to thﬂc hypothe51s con51sted of the relatlve frequency ff
-of the pass-fail patterns of the relevant h1gher lower performances._ Analysls of o
o the data in each of the studles/supported the hypothé31s of’p951t1ve transfer._;'; :

The Un1ver51ty of Maryland/Mathematlcs Pro;ect staff (130) cont1nued the line f ['
of h1erarchy 1nvest1gatlons wrth the ana1y51s of an’ exten51ve 1earn1ng h1erarchy-'.~5]}.

on ar1thmetie—operatlons. The 1earn1ng hlerarchy on algor1thms was constructed .if-lf

about three hypotheses uf learnlng dependencz;\“ '~ﬂ."_ ag,g
L L R
et l)p_ a3 -'Constructlng/an explanatlon of the a1 orlthm W1th Ce T
IR . |physical situations for a glven opera 1on and‘ c ol e ;-
. . v T, number ?rstem _ N S B '{"-‘5 Cos =
e Constructlng an explanatlon of. | - i‘A‘Demonstratlng the |
77 TTTlthe algorithm with-physical o . | .o . T algorithms named e
7 -|situations for a glven operatlon Y« fin the termlnal S,
"~ |and number system-different from | ‘i - behavror S e
gggagpgrnamed Ain the term1na1 ] R B L o ‘9h,»p“
: . : ‘ ! e > S SR S
s N LT Mh]‘=' R . B DU | e
- 2) Constructlng an explanatlon of the algorlthm/w1th T
: field: propertles for a g1ven operatlon and number ;‘
. o system i - e - S o
Constructlng an’ explantlon,of the IO _;Demonstratlng the| = - . o
‘|aTgorithm hm with, field properties | - ' . | |algorithms- named‘ U co
|for-a: given operation and number . . = ‘|in‘the :terminal "~ | . -
|system different from the ore B L ehaV1or N
named 1n the -te: termlnal behaV1or Lo ‘ P Ve
) . i - »ﬂa : B /’_k e -
B X I
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for a given-operation and'. I \
numbef system c ' e ‘

|\ . 1- e . : -
| - 1) .. . A .
. P v - ) P g . . 4
T o . . s B Vo
3 Ta l"\ A N " - . A

| ‘Demonstrating an algorithm | - - . - RN
1\ for a given oper ionand.. { ... N
umber 'systemsdifferent =~ [ - 4., 7 s T

S __@ :b} RN rom the’ term1na1 obJectlve -

o n

Conventlonal task ana1y51s WQ{ no employ d in generat1ng the learnlng h1erarchy.

Rathe an order1ng of clusterb pf he threa hypotheses ‘of 1earn1ng dependency were

_ Demonstratlng an. algﬂrithm e o AW

I

SRR o .
*{’and then to whole numbers._

u':xf';ﬂ” 2 Forty four hypotheses 0 Tearnln" dependency were 1dent1f1ed for the
-j? 'algorlthms\hleraTChY \Pf the 17 hypotheses reJeCted by the data 12 are tests of
/{”f;‘.the same fhree behavaov -—,construcring an explanatlon with f1e1d propertles as’

I
t) ermlnal behaV1or of the hypothe51s\ demonstratlng how to perform the algo=
”3[-r__hm end constructlng\exp1anat10ns Wlt“ propertles of an earlaer algorithm. A more

' ate behaviors are not ab}e o exh1b1t the termlnal constructlng behav1ors. "The -
. -pattern appears each tlme the 1nstructlona1 mdterlal moved from one number system o
to anothe as well as- those times when the 1nstruct10na1 mater1a1 moved from the

v ‘
' peration of addition or. shbtractlon to mu‘t1p11cat10n or d1v151on w1th1n the same'

, ‘oeﬁa;fed examlnatlon oflthese data reveah; subJects able ‘to-exhibit two subord1n-i

number svstem. Slmalar dﬁfflculty was not’observed 1n the acqulsltlon of the
nqonstructlng explanatfons with. phy51ca1 wltUﬁthﬁST behaV1or. b_i
Cook (67) reported an\anvest1gatlon in which knowledge of the Tearning -
h1erarchy was- 1nc1uded aslone 1nformat10n tfeatment among severa1 One. treatment
5 .group was 1nfbrmed of the behav1ora1 object ves for each lesson, another treatment
‘"3'group was 1nformed 01 the—behaV1ora1 ob3ect1ves for each lesson and the, léarnlng
Ah1erarchy 1nto hlch the behaylors were sequenced a treatment group was ‘informed -
"of the. leaﬂn:rr h1erarchy, and a. control treatment w1th no knbwledge of obJectlves"
';or learn1nv h,,ranehy ' “Chok’s, f1nd1ngs show no d1fferences 1n ach1evement on an
s 1mmed1ate postteei among thn:fxur treatment Eroups. ‘A 51gn1flcant \ffect for the
'i;treatment group 1n-ormed about fhe behaV1oral obJectlves was reported for a reten-
itlon measurs. A 51m11ar effect\dld not appe T for the behaV1ora1 obJectlves and .

'iearnlng h1erarcny or the learn ng h1erarchy alone treatment groups. Cook'

o u-_ﬁ?_ & S -
'?;in‘ ,\ \ e ',3:ri‘ .
i \ . . C I
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.findings suggest;the cOnJecture that "knowledge of the learnlng h1erarchy"'l' »
interferes with ‘the "re51stence to forgettlng" effect observed “in the "knowledge .

e of behav1oral obJectlve" stud1es.e '
) Elsenberg (106)=and McKeen (107) have inv >t1gated the conJectureﬂthat a.
s learn1ng h1erarchy cons+ructed by student 1nput accord1ng to the Dav1dson-
- Elsenberg McKeen procedures will obta1n a va11d1ty est1mate of 0 85 or h1gher on
1ts f1rst formulat10n.= Their find1ngs do not. support the conJecture. As part
_ufof these same 1nvest1gat10ns they also’ reported a larger ‘number of hypotheses of -
;plearnlng dependency being reJected (below the 0. 85 level) for students w1th low
"past ach1evement scores than for students with h1gh past ach1evement scores.
Slxteen percent of the hypbtheses of. 1earn1ng ependency were reJected for the "l
:hlgh group, wh11e 34% were reJected for the low group. Shrlner and. Se1dl followed

up’ onzthe hlgh and low group var1ance observed by Elsenberg and McKeen.v ?Qif*‘

\\, T we

'i','p’ Several researchers have- attempted to 1nvest1gate the relatlonshlp of‘guldance,
- and ab111ty to learning h1erarchles constructed by students. bhr1ner (131) and .-
_Se1dl (132) for example 1nvest1gated the quest1ons ox whether students of d1ffer-
ent ab111ty levels (1) generate d1fferent 1earn1ng sequences, (2) requ1re d1fferent
amounts of gu1dance and (3} requ1re d1fferent amounts of t1me. ' e,
Twenty-four early ch11dhood elementary maJors at thc ”nlver51ty of Mar)land
"were the Subjects of the1r stud1es._ On the basis of past achievement determlned '
by the1r\college cumulat1ve grade pulnt average and their h1gh school percentile
rank twelve of the students vere, selected as h1gh ab111ty students ‘and twelve as .
| low ab111ty students.f Each set of twelve students was randomly d1v1ded 1nto three ‘
‘_1nstruct10na1 groups of four students each By means of the Modified Small Group-v'
Dlscovery Methaod, of" Dav1dson QOS ) each group was presented the same broadly ‘
“:stated problems concernlng ‘the: algebralc structure of sets of 2 by-2 matr1ces.°”'f
- The students attempted to solve the i oblems as far as:p0581b1e by themselves.
The.. 1nstructor gave h1nts or 1n1 1ators t6 the students: in the form‘of suggestlons,
‘ questlons, or examples to ~work, A»dally'record of the student a't1V1t1es 1n each
1nstruct10nal 'session 1nd1cated the behavrors 1dent1f1ed by the students as pre~
) requ-s1te to atta,n the solut10n to the broadly stated problems._ These behav1ors
»vwere arranqed by the 1nvest1gators to form two student generated le rnlng sequences;

L] . M
.

I3 o
o, K [




- at1ng knowledge capab111ty

' cond1t10ns w1th1n a-dearnlng h1erarchy The term1na1 obJectlve was concerned
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!

i'one for the h1gh ab111ty,gropps and the other for the low ab111ty groups.' Ta111es

of she number of initiators and’ the number of f1fteen-m1nute 1ntervals each 1nstruc-_
t10na1 group required to solve a11 four -of the broadly stated problems prOV1ded

data re1at1ve toﬂthe amount of guldance and the amount of t1me..

The conc1u51ons of the1r 1nvest1gat10ns were the follow1ng (1) no d1ffer-

fences were found between the 1earn1ng sequences: generated by the h1gh and Tow

ab111ty groups; 2. the low ability groups- requ1red greater amounts of gu1dance -

and’ (3) the low ab111ty “groups requlred greater amounts of time- to- solve the pro- -

;posed_problems.‘i R P _'”,'ﬂ';_t- '? S o

i

.Gagnt - (47) has. offered the conJecture that the order1ng of capab111t1es w1th1nf '

a’ 1earn1ng h1erarchy proceeds from slmple responses Whlch are subordlnate to verbal

"or nonverbal cha1ns, wh1ch 1n turn are subordlnate to concepts, wulch in turn are

subord1nate to pr1nc1p1es, wh1ch in turn are subord1nate to an 1ndependent1y gener-

¢

%

Payton (133) rnvestlgated the Gagné conJecture concernlng the order1ng of '

“tlon of static f1t and a11gnment A h1erarchy waﬂ constructed by task ana1y51s._-

" Each level w1th1n the h1erarchy was then 1dent1f1ed with ‘one of the 1evels in Gagné'
'fcond1t10ns of 1°arn1ng, the conthlons are stimulus- response verbal cha1ns mu1t1p1e :

'Rdlscrlmlnatlons, concepts, pr1nc1p1es, and problem 501v1ng A va11dat10n pane1 of

ten experts was formed who corrected and approved the h1erarchy wh1ch had been Lon-._"

vstructed The panel also approved “two’ teach1ng 1earn1ng tasks and two evaluatlon ~
'_tools for each cell in -the h1erarchy. '

.n‘

v Uslng the mater1als thus prepared the h1erarchy was followed from the bottom '

_1eve1 of st1mu1us responses to the term1na1 obJectlve in the spr1ng of 1970 and | w

the results of- the 1nstruct10n eva1uated Hypotheses of conslstency and - adequacy, /

 and 1nverse conslstency and 1nverse adequacy were def1ned and these hypotheses

were used to evaluate the resu1ts of the 1nstruct1ona1 sequence.: A r*edetermlned |
1eve1 of e1ghty per cent ach1evemenx had been spec1f1ed as an acceptable 1eve1 for
the~va11d1ty estimate condltlons of learnlng for thlS prOJect ~In the sprlng ‘of
1970 the hypotheses of learnlng dependency were supported at the .80 level for the

~ lower two levels of the h1erarchy ‘Therefore the hypothe31sof Payton s study was .

«

not. supported by the data collected in 1970
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Based upon the data collected in 1970, reyzs;ons were made in the .
:iteachlng and evaluatlon plans The second data collectlon was made 1n the _”"v
’psprlng of 1971 The- dec151ons to accept or reJect the hypotheses of 1earn1ng
_fdependency were. made ‘on ‘the ba51s of the con51stency and adequacy ratios:
'éBased upon the data collected 1n 1971 Payton concludes that achlevement at
:each level of the h1erarchy did med1ate to ach1evement at the next level in
the h1erarehy from the 1owest level up to: and 1nc1ud1ng problem soIV1ng.;'The
-ﬁ_hypothe51zed order1ng of the condltlons of - 1earn1ng were Valldated from the .

lowest level up to the term1na1°ob3ectlve, but ‘the last step to the term1na1

-

" objective was not T ’é.['J S e e e j;q;_ﬂ.‘“

o _Another d1rect10n of research on 1earn1ng h1erarch1esgzs—thef;eiatlonshlp

K between two ‘or more content areas and two or Jnore learnlng hlcrarchles.h Kolb
](134) 1nvest1gat"d the questlon of whether connectlng a 1earn'_§_ﬁ*erarchy from
one content area to a léarnlng h1erarchy 1n a second content area would fac111-
‘tate: learnlng when the first h1erarchy contalns behav ors: subordlnate to those__f

“1n the second h1erarchy.: Such a 51tuat;on is- commonly encountered in sc1ence

[when certa1n mathematlcal behaV1ors are prerequlslte. The* usual content arrange-

rhment is to segregate mathemat1cs .and science.. Kolb selected three term1na1

behaV1ors from an exerc1se in Science -'A Process Approach an exper1menta1

»‘elementary science curr1culum produced by the Amerlcan Assoc1at16n for the %//:‘
- Advancement of Sc1ence Comm1551on on-Science- Educatlon. ST '_,: 'l.
By means of the task ana1y51s a h1erarchy was constructed wh1ch 1nc1uded
ifthree terminal behaV1or tasks and twenty -six relevant subordlnate mathematlcal
,behaV1ors. ThlS h1erarchy waS\used as. a gu1de for developlng the 1nstructlonal
sequence in. mathematlcs wh1ch was related to the sc1ence exerclses.\ , o
~Two tests ‘were constructed Measure I was de51gned to test . the acqu151t10n
of each of’ the twenty-51x behav1ors 1n the mathgmatlcs h1erarcny and Measure 11

_assessed the acqulsltlon of the behaV1ors stated as obJectlves 1n the two.. sc1ence

’ 4

_7

exerc1ses. The two tests were used both as pretests and posttests ,
- The t1me allotment consisted of a two- day te§t1ng perlod prior to the learn-
“ing sequence a fourteen day learn1ng sequence in mathematlvs, one day to adm1n-
-1ster Measure I, a slx day 1nstruct10n perlod 1n sc1ence follpwed by the . admln-.n
:1stratlon of Measure II.@.- S el _‘_°[_p_: R ’“;:'5Q T~-
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e

SubJects for the exper1ment were 275. pup1ls enrolled in- e1ght f1fth grade
Classes Students w1th1n each. class were randomly ass1gned to one- of two treat-‘
ments ' Dur1ng the 1earn1ng sequence “those students ass1gned to treatment A

‘“s}fwere taught the mathemat1cs that occurred 1n the1r books at the t1me. 'The
.‘;students in *reatment B, however, Were taught by means of the 1earn1ng sequence
.'that was- based on the mathematlcs h1erarchy The f1na1 tasks 1nc1uded 1n the.
1_u;h1erarchy were. cons1dered necessary for ‘the quant1tat1ve sc1ence behav1ors Eachqf-
. teacher taught both of the treatments w1th1n her class by meet1ng w1th each group“
.‘on alternate days. j' Q,'V o 'fi-;'..wv.,‘s__ e . 1.“\ f\x ,ap
“On the éas1s of the tests adm1n1stered -Kolb found no s1gn1f1cant d1fferences -
ex1sted between the two treatments on the pretests. S1gn1f1cant d1fferences 1n N

'favor of trea1ment B at the 01 level of conf1dence Were found on the posttests.~~‘ .
. . . B Y

.rL'j - He concluded fnat cne 1nstruct1ona1 sequence in mathemat1cs re1ated tb the

sc1ence exercises fac411tated the acqu1slt1on of the quant1tat1ve sc1ence behav1ors..

Cray (135} cont1nued th1s same research d1rect1on._ He compared the effec-w
'“t1veness of two learn1ng sequences in faC111tat1ng the acqu1s1t1on and retentlon \\
of certa1n mathematlcs and sc1ence behav1ors. In. one 1earn1ng h1erarchy, the N
related mater1a1 of - mathemat1cs and sc1ence ‘were. 1ntegrated 1n the second sequence \\\
'fthey were not. Gray 1dent1f1ed twenty—two obJectlves in a- st*uctured h1erarchy 3
as prerequls te for three term1na1 behav1o%%. Thls haerarchy was- used as a gu1de
'; in the construct1on of the learn1ng sequences.f He concluded that the 1ntegrated
v&h1erarchy was super1or to the non 1ntegrated sequence in fac111tat1ng acqu1s1t1on .
:of the/mathemat1cs oehaV1ors. The two sequences d1d not have’ dlfferent1a1 cff°cts.

onh the rate’ of forgett1ng of the mathemat1cs or- sc1ence behav1ors.:;

ry The prlwcrple of a 1earn1ng h1erarchy reduces itself to the pr1n-
‘c1p1e of pos1t1ve transfer whe*e mediation. from one level to another is, prov1ded
' ‘by 1nstruct10na1 act1v1t1es. Gigne s pos1t1on that’ the trans sT is occurr1ng among
' 1earned capab111t1es does seem to" be supporteu by the 11terature. Whether these s
.‘learned capab111t1es organ1ze themselves by complex1ty accord1ng to the Gagné
- conditions is ‘as yet unclear. The ex1stence of the p051t1ve transfer appears to
be- unaffected by SthtS between 41sc1p11nes. The 1nvest1gat1ons of both Kolb and
Gray support th1s content1on e e w o ,"],<>“<’:f e

v




Relatlonshlps among levels w1th1n a learn1ng h1erarchy are less clear. !The .
;hypotheses that the strength of dependency decreases as the number of 1nterven1ng
. levels increases does f1nd some support. However,_the 1nab111ty of several
Jresearchers to obta1n va11d1ty est1mates above 0.80 after several learning.hier-"
zdarchy revlslons ‘rdises many questlons abouc the completeness of the psycholog1ca1

@

'analysls represented by a 1earn1ng h1erarchy s
'j,g The generallzablllty of ‘one, set of subord1nate behavlors to med1ate to a
'-term1nal behavlor thh eff1c1ency is. brought into questlon by the stud1es .on
",learner generated Vs expert generated learn1ng h1erarcb1es. It now appears
freasonable to conJecture that the learnlng h1er?rchy generated by a 51ngle student'
in a four member _group will be as effect1ve in leadlng each student to the ' |
~acqu151t10n of a g1ven term1nal behavlor as 1s a concensus h1erarchy developed by
”."experts" in the f1eld : In add1t10n the 11terature also’ suggests the research
hypothe51s that the lower the ab111ty of ‘the learner the greater the number of
;subord1nate behavlors necessary to ach1eve p051t1Ve transfer to the termlnal
.behaV1or. This relat10nsh1p also appears to hold for each hypothesls of learn1ng

"dependency w1th1n a learn1ng h1erarchy. :l;'ﬂf i T, A('," o

Part Three, The Psychometrlcs of Learnlng Hlerarchles T L - ] .

-

0bta1n1ng ‘a va11d1ty est1mate for a learn1ng h1erarchy currently 1nvolves~_”
. obtaining. est1mates of- the magnltude or pos1t1ve t- :nsfer for each hypothesls of
. learnlng dependency w1th1n the h1erarchy ‘and requ1r1ng a preestabl;shcd lower,!.
;.bound for the. va11d1ty est1mate on all learn1ng dependencles, lffone or more
”f’hypothese, of learnlng dependency fail to meet. the m1n1mum va11d1ty level “then |
Aea revlslon 1s made and data are collected agaln._ Cox and Graham (136) as well -as -

5\\ Walbesser (137) have reported on thlS revlsron procedure.-
N Tryout data is deslgned to: y1e1d 1nformat10n about each hypothe51s of

-learnlng dependency as to whether part1cular behavlors transfer poslt1ve1y to -. L
lanother behavlor, whether the ‘behaviors: are 1ndependent ‘or whether they alternate
_in their transfer effects.; Procedures for 0bta1n1ng Va11d1ty Estlma es.l Several
tprocedures have been advanced for obta1n1ng va11d1ty estlmates ‘on: learnlng h1erar-'
chies. Gagne adopted -one procedure uf exam1n1ng the va11d1ty of learang h1erar- .
bochles, severa1 research workers have employed a sca11ng procedure advanced-by
;a;Guttman. (138) The Comm1551on .on- Sclence Educatlon of the Amerlcan Assoclatlrl

Sy
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for the Advancement of 501ence_ebta1ned va11d1ty est1mates on e1ght sc1ence

' process h1erarch1es by employing™ a mod1f1cat10n of Gagné's proceoure. (139)

- "Still another. variant on this procedure has been advanced by Walbesser and =
v'EJsenberg (140) L . - ;v o - » o o _ff

.

a In the. 1earn1ng h1erarchy research reported by Gagné the va11d1ty est1mates
_are reported in terms of the. one rat10 of pos1t1ve transfer between lower relevant'
'behav1ors and a. h1gher level behav1or. 'f126) The predlctloa of h1gh pos1t1ve

wtransfer from a glven 1earn1ng set to one at a- hlgher 1evel 1s tested by not1ng
""the pattern of pass and fa11 wh1ch was obta1ned between lower and h1gher adJacent .

" sets throughout the h1erarchy._ If a g1ven behavior. -has two or more behavxors sub- -
J'fordlnate to 1t then th e theory requ1res,that a11 of the subord1nate behav1ors be

;nassed before completlon of the g1ven behavior is poss1ble. f 'f;

The four p0551b1e emp1r1ca1 re1at10nsh1ps for pass1ng and fallrng relevant

o hlgher lower behav1or comblnatlons-and—th 1r—1mp11cat1ons ares -

2.1.~ (ngher 1, Lower 1) ThlS 1ndlcates successful acqu1s1t10n.

P ,"";of all relevant subordlnate behav1ors and pos1t1ve transfer:

. o5 -
N

© to an adjacent hlgher behavior.;-;f* f'j o e THP-di
2. ”(ngher ‘I, Lower 0) - This. 1nd1cates successful acqu1s1t1onfk
of . higher 1eve1 behavlor and fallure to acqu1re one or more_

. of .the relevant subordlnate ‘behaviors, L

-_f;r_S.f (ngher o, Lower 0). This 1nd1cates fa11ure to acqu1re the
”;hlgher_levelebehav1or—after—f‘*lure to. acqu1re a11 of the
vjfrelevant subord1nate behav1ors.:f o

4, . (ngher o, Lower 1) This 1nd1cates 1nab111ty to exh1b1t a

i “'h1gher level behav1or after acqu1s1t10n of all. re1evant sub-

ord1nate behav1ors.

These four relatlenshlps are: expressed symbollcally as (1 1),-(1 0), (O O), 7
ﬂ and (0 1) Of the four relatlonshlps, only (1, u}, whlch 1nd1cates acqu151t1on of
'a given behav1or after fa11ure in subordlnate relevant Dehawrors, contradlcts the'

theory. The ratlo\of pass-fail patterns whlch eupport the theory is. obtalned by.

 r~d1v1d1ng the number of 1nstances cons1stent w1th the hypothe51s of: pes1t1ve tran543*‘ ‘

.- fer, [(1 1) and (0 0)] by the total testable rnstances, ‘that 1s, [(1 1), (0 0),

<

-
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,,and (l 0)] The theoretlcal predlctlon for each ratlo computed by the preced1ng
formula for each pass fall relatlonshln it 1. 00 '

LI

A second procedure for obta1n1ng va11d1ty estlmates was propc»*d by the
'fComm1551on on Sc1ehce°Edv"at10n of the A. A A. o.,(lSQ),lThe same four fold tablé'.=ju7
is employed as’ w1th the slngle ratlo test However,fthree ratios are.computed:
'conslstency, adequacy, and. completen*ss.,rf' | R T -

-

ThlS procedure suggests that thc numerator of the ratlo measurlng con51stency -
contalns only:the total 1nstances whlch support p051t1ve trhnsfer, that 1s (l l)
'rWhlle 1t can be said that (0 O) is con51stent w1th the theory, it 1s certa1nly not
an 1nd1catlon of p051t1ve transfer. The 1nadmlssab111ty of the 1nstances of (0, 0)
- has the effect of lowerlng the r!tlo achieve If the ratio agreed upon as accept-
_fable is 0.90, then the number of support1ve jnstances must be greater to attain
thlS level than if the Tat io could 1nclude 1nstances that were merely con51stent

‘with the theory.

Con513tency is con51dered a necessary, but not suff1c1ent condltxon for alv
~ valid h1erarchy. Lon51der_tlon must be glven to two other factors not treated
'prev1ously before validation 1s completed One of these factors refers to: the S
-adequacy of the h1erarchy ‘and the other zefers to the completeness of the hlerarchy
_ The adequacy of a h1erarchy requ1resvan examlnatlon of how often the learner
~has achleved a behav1or after relevant subordlnate behav1ors ‘have been atta1ned
' 1If the 1nstruct10n Js adequate, then a learnel who has atta1ned the subordlnate o _
"Qbehav1ors will- be able to. progress to the behavaor that employs these as subord1n-_r;

~ates. “The adequacy ratlo 1s deflned as the quotlent of ‘the number of (l 0

>d1v1ded by [(l l) ‘and (0 l)] The level of acceptab111ty for. the ratlo is 0 90

ngh con51stency and adequacy ratlos are necessary, but.not suff1c1ent condl-

: ytlons for: clalmlng valldlty for the hypothe51s Qf a learnlnv h1erarchy. Thls is ~”4h
.postulated because hlgh con51stency and adequacy ratlos .can. be attalned wh1ch 1n-e.
vvolve only a small number of . the actual subJects tested ‘When' most o the 51 v ,
~_Jects do not acqu1re the Lermlnal behaV1or and do not acqurre at least: some of the _

- subord1nate“behav1nrs, thlS occurs.q These casec w1ll fall 1nto the {0, 0) cate-- ‘q9'i

gory. Large numbers of cases 1n the (0, 0) category are v1ewed as ev1dence df |
.1ncomplete 1nstructlon. The completeness ratlo 1s deflned as the quot1ent of (l 1)

, d1v1ded by [(l 1) and (0 0)] ) The leyel of acceptablllty is. 0 90

!




. , e d s ‘ . , o . _
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An 111ustrat1ve 1nvest1gat10n wh1ch uses this proceoure for obta1n1ng va11d1ty—-~-

est1mate~ reports data onga h1erarchy Poncerned w1th the - rermlnal behav1or of
fa"descrlblng spatlal arrangements" (141) The use of th1s procedure was’also
' reported on a nine level, 17 behav1or learn1ng h1erarchy on classlfy1ng.; (137)

!
1

Another example of the use of thlS parad1gm 1s ‘the. research conducted by the

|
\
I
I

l

. Wlsconsln Research.and Development Center for'Cognatlve Learnlng ent&tled "A s ‘“ff
'thudy of Parts of the Develepment ‘of a Un1t of Probab111ty and Stat1stlcs for the
lementary School"' (142) "1' N _,_;_)//; e "

A th1 d procedure, also a varlani of .the four fold table suggested’by Gagné,

;115 the . Walbesser Elsenberg va11datlon chterLa.' fl40) These researchers have - f.
developed a numerlcal procedure for testlng a hypothesls of "task dependency" in &

- a learnlng h1erarchy.- ‘Their procedure prov1des a numerlcal cr1 erlon for deter«._ '

rmlnlng the val1d1ty est1mates of a- h1erarch1cally organlzed learnlng seQuence.,' :1?/,
-hl.; Conslstebcy Ratio/ If after 1nstruct10n the student has=acqu1red the-

\\\ termlnal beh371or of the hypothesls, then 1t is hypothe51zed that ‘hz w1ll,

have - also acqu1red all subordlnate ‘behaviors. Quantltatlvely, the con-v s

slstency 1mp11catlon cf a h1erarchy is deflned to be the rat1o of the
frequency of the (l l) 1nstances for the hypothesls d1V1ded el the sum o
'3 of the frequencles the (l 1) and (1,0) 1nstance5 for the hypothesls. _"ﬁp f;f"
ThlS ratio- ranges from 0 to 1 prov1ded that the frequencles‘of the 1,1)
~and (0 1) 1nstances are ‘not both zero.. In the casc where both cells are-f
. | ‘, few the ratio 1s not appllcable. The conslstency 1mp11catlon says acqua- L
. .. sition of *he terminal behavior 1mpl1es acqu151t1on of all subord1nate ;?:hh 8
. behav1ors. _.;‘TW, o ' 'ffy', '_‘,__. c f’ L W\a' o

"2; Adeguacy Ratlo.f 1f the student has acqulred all subordlnate behav1ors, ?TY
then it:is. hypotheslzed that he w1ll be capable of’ performlng the termlnal
behav1or of the hypothesls prov1ded that he has been glven medlating o

1nstruct10n.. Numerlcally the. adequacy of a hypothesls i a 1earn1ng
hlerarchy 15 deflned to’ be the ratln of the~frequency of the (l 1)

1nstances fo that hypothesls d1v1ded by fne sum of the frequenc1es ef the ,
(,bl} and (0 ) 1nstances for the hypotuesis. ThlS rath also ranges from f”’
0 to 1, pro"1ded that the set of (0 1, and (l‘l) responses 1s notvemptv




3. Inverse Con51stency Ratlo.
N\ 1mp11caf10n that nonacqu151tlon of the termlnal behav1or 1mp11e 'none.'

'\. acqulsltlon of’ one or more of the subordlnate behav1ors.' Hence/ it is s

vht. deflned to be Lhelratlo Of the frequgncy of the (0 0) nnstanc s for the 'Q'ln
t of esponses for the (0,0) and (0,1)

The inverse'cdnsiétency'ratiextests”

hypothe51s.7 Proulded that the se
,rs ratlo arso ranges from 0 to %gq,', L :;;;13‘-'

- 4, Inverse Adequacy Ratlo. The 1nverse adequacy r9-1o tests th@ 1mp11ca—.
‘tion that nonacqu1s1t10n of a11 subordlnate behav1ors, even w1th medlat-'

categorles is nonempty,.

Il
L - . °

/

- 3fs-“1ng~1nStTﬂCt10n 1mp1r;s-nonacqu151tlon ot the termlnal behaylor. Inverse .
A l_f adequacy is defined to be the ratlo of the . freqdencvlof the TE o)y ordered :YH
' ‘/ parr fnrethe hypothe51s d1v1ded by the sum of the frequenc1es of the i
.”‘-; \7 ‘59‘0) and (1 0) 1nstances for the hypothe51s..“Prov1ded that fhe fre-,;:¢Wﬁf-
YRS quenc1es for (0 0) and'(l O}-categorles are not both zero, thlszratlo"___',"_"~
R S ‘ ;. . -w,'vx e T N N
L li‘. 5 1 Completeness Ratxo. /;n an eﬁfort to deternlne the strength of 5 hypo- ;%,qu
el °the51s of task dependency a ?ompreteness ratlo is ﬂeflned The completeu' cﬁ
ness ratlo for a hypothe51s qf tash dependency in: the h1erarchy is deflned

hypothe51s_vf

tn be the rat ¢ of the fre(uqncy of the (1, 1) znstances for tHel
) b

Zbif;v?ﬂ _ d1V1ded by the sum/of the’frequenches of the (1,1) of the (1 l)land (0, O)

<7,1nstances for the hypothe51s . ThlS ratlo estlmates the percentage of
f 1nd1v1ouals capable ofﬁtrave151ng the hypothe51s asJoppesed to those B 3i7f
| /w}fly ,1ncapab1e of, performlng at least one of the subordlnate cells Jn ‘the .. fflf?
L / nf‘: f}hypotheﬁsls. . ,;. é\ o _ | \ R T ‘ l/ | i -‘ . .'v . -'-/::‘/ |
Hj ‘ An adequacy ratlo, completeness/ratlo, 1nvnrse adequacY rat d; i ve%se‘com—~ff:;’
. pleteness wratlt,_and a, completeness Iatro are assocrated yath eaﬂhlhypothe51s in; -
. the learnlng h1erarthy A learnlng hlerarchy As con51dered valldy? ffand oniy: 1f/ i
an adequacy, conslstency, and completenessqﬁsﬁi_ of at . least 0. 85)as obtalned f r J
'é;each hypothe ~the learnlng sequeqqé.“f’, PH':'“L’2>A;/Qf‘i'.: ' R A
d U IR - fool
. o : e |
R — : B




ke Elsenberg s app11catlon of th1s procedure,1 contalned in. h1s dlssertatton
ent1t1ed ”The Integratlon of- Mod1f1ed Learner Generated Sequences 1nto the Develop-
ment of a Behav1ora11y Stated Learn1ng H1erarchy as Applled 1n Mafhematlcs N

;u%' Currlcu}a Cdnstructlon” ' (106) \Another example of" the appllca ion of- thlz/pro_
. - 1

5% cedure is, found 1n‘McKeen [ dlssertatlon,m"A Model for Currlculum Construc ion .-

'“~~'Tbrou_h~0bservat10ns of Students Solv1ng Problems in Small Instruct10na1 roups".

S . .- : . . \ e

Some 1nvest1gators have app11ed to data of thls so&t the ‘method suggested by
g Gy ttman for sca11ng qualrtatlve data, rncludlng a statlstlc called the reproducl-
:~fJQE b111ty coef‘1c1ent (143) cheVer,_Guttman S method does not prov1de\rn ana1y51s

SRR
L as; dlscrlminatlng as that descrrbed{by Gagné or Malbesser and E1senberg whenever

L .'the sequence is’ not 11near Another weakness of the buttman proqedure is that it

{;/ , does not prov1de a means ot d1st1n sh1ng between a subordlnat ,relatlonshlp and
o/ . ‘
S 3 : : ’ . S t E ‘

.a coordlnate one ?

l i

i
S . ‘,...,._ /
|

observatlon on the lower bound of reproduc1b111ty coeff1:1ents is- contalned in: a .
paper by Jay M Jacksonoof McG111 Un1vers1ty ent1t1ed A Slmple and More ngorous ;J;L
;EEShnique of' Scdie Ana1y51s" ~( 451 Further llmltatl"s on the’ use ‘of thlS -

e I
.

statlstlc 1n obta1n1ng 1earn1ng h1erarchy vali

V'mates is - contrluute by

J%A-Carrol (146)v/He observed~that one serlous 11m1tat1on of" the Guttman sca11ng

fj _%procedure 1S_M1th respect to 1ts oﬁly bei g app11cabie to 11near sequ ences. Most

. hypoﬁhe51s of 1earn1vg_depcjdency are not lrnear re1at10nsh1ps.“l_,.io --i*
L fal L / .

E1senberg and Walbesser offer two 1mportant add1t10na1 tools in Fhe descr1p-‘
'tlon of . learnlrg hlerarchles.. the magnltude and complex1ty (140) TH”/ Suggest
“th t. 1f thére exls,

two equa ¥ arld learnlng h1erarch1es eac de51gned to achleve
. / -
ehaylor, an’ obv1ous con51deratlon would be one of t1me eff1cacy.u.‘-

1 iy
1n +h

"fthe same . termlnal

,,.,l ,_-‘._‘ P S

= ﬁhlch hlerarchy can be traversed least amount of t1me?"0ne well esth11shed

. L, o
1nd1v1dua1 d1frerence is that ea-u‘learner can;\e—expected to traverse a rearnlng L

h1erarcny at: a u?lquevtlm?i ate.. An "aX?rage traver51ng t1me" for the populatlon

s

- with-which. +he h1eramchy¥kas‘va11dated cpuldfbe assoclated w1th each lﬂarn1ng
/ «hlerarchy. But the gene allzablllty of such a stat1st1c is . questlonable. A more
reasoned comparatlve me sure for h1erarch1es 1s to conglder the complex1ty of the

'T'structure 1tse1f _— e D "'x‘-ﬂ' 7-; ;';'13'*5I

] e T . !




_ may be consrdered the "comprex1ty of the hypothes;s" " Let N equal the number of -

" Complexity coeffitient =.¢

>

For each hypothe51s of tasx dependency, the number of’subordlnate behav1ors

sy

hypotheses in the’ learnlng structure.' Therefore for any learnlng h1erarchy,

[

c0mp1ex1ty coeff1c1ent de51gnated cc, can be' computed. - ; R 1

.~ - * .- -

. -~ . . . .
' C 'N o S : o

. ) . . N 7 -
R B . . . . » \ .
: . . : . °
R : - .
. N

i=1 complexity of hypothesis (i)

1
at.
1l

//.' ‘ - .<. ) R ,_A‘) N ’, N _.. N s - -
. / _ - - . . _"- . . . .

The complex1ty coefficient denotes an average number of subordlnate behav1ors for

each hypothesls in’ the hlerarchy.

<

Another con51derat10n of the structure of a 1earn1ng seqaence ralsed by

\Elsenberg 1s the number of'suboralnate 1evels-—that is,, the 1ength "L of the-

h1erarchy. S Ty - o ' o

e v

W1th these measures - 1t 1s p0551b1e to assoc1ate with each learnlng h1erarchy .

g vector in whkich the first component of the vector is N, the . second component 1s;

) cc uand the thlrd component is L. ‘A 1earn1ng h1erarchy ‘that is assoc1ated with -

h the vector (Nl, ccl, Ll) is then sa1d to be of "h1gher magnltude" than a. learnlng

' h1erarchy assoc1ated W1th the vector (Nz, ccz, Lz) 1f two of the. follow1ng are-

1ng h1erarch1es w1th the.same term1na1 behaV1ors. .

) str1ct 1nequa11t1es~ Nl # Nz, ccy # cc2, or L3 4 Lz._ G1ven two 1earn1ng h1erarch1es

with essentlally equal va11d1ty estlmates the one - of lesser magnltude is the more

deslrable.a Hence, ‘these ‘two new: measures prov1de a means of choosing. among 1earn-

{_.

~Item and MeasureuStatlstlcs. Tests assoc1ated w1th learnlng h1erarch1es and be-

hav1ora1 obJectlves are generallv criterion referenced measures-rather ‘than . horm
referenced measures. The item and measure statistics. assoc1ated w1th norm refer-

enced measures are exten51ve and well known by most educatlonal researchers.»

R T

' Cr1ter10n referenced 1tem and measure statistics are féw 1n nnmber 'although there

- ° 5

is extensive act1v1ty currently in this field. = -

Popham and Husek (147) prOV1ded general overV1ew of cr1ter10n referenced -

measures and the1r potent1al effect upon educatlonal measurement. Ward (148) has

a

also‘wrltten an excellent exp051tory p1ece on such measurement -

2
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Harke s (149)work on h1erarchy ana1y51s w1th the use of mu1t1p1e ch01ce test ’
\/

- items offers an 1nterest1ng var1atlon 'to the 1nd1v1dua1 test1ng or . constructed

. Tresponses format used by many cr1ter1cn referenced measures. His data analysls

procedure draws heav11y from the pattern ana1v51s work of . Rem01d1 and Gr1b (150) .
Pattern ana1y51s of multiple ch01ce test 1tems appears to. offer one solution to

the underestlmatnng problem ralsed bv Waloesser and Car‘er (76) 1n thlS study of
1nd1v1dua1 versus group testing. LT i

7'9.

A technlque for estlmatlng the re11ab111ty of cr1terlon rererenced tests has

:recently been cescrlbed by Livingston (151). The ormula which lelngstbn suggest

‘to prov1de a rellablllty estimate based upon the sp‘lt-half test 1s' y

»

kz(X T, ) = PZ(X Tx) JZ(X) + (Mx “Cx)2 - . | -"‘» - %
L L2 Oy - ok

sy v e 48

.
o

wbere P2(X Tx) 1s the norm referenced re11ab111ty coeff1c1ent,

-~

JZ(X) is the variance, My is the mean and ‘Cx is the cr1terlon score.
ThlS re11ab111ty est1mate is -then adjusted for the ent1re test using a formula-

-'which is a verslon of the Spearman -Brown formula adJuéted to crlterlon refer—
enced tests: . : _ : A 7 Lo

e e T
o kX, T -/ |
reliability = —————— =

- T 1% (-1)k2(X,Tx)

where n is the number of times'thevlength of the test is to be
"1ncreased ' | LT ¥ |
~___The re11ab111ty est1mates obtalned through the app11catlon of these formulas

tend to be h1gh with a lower bound at “the mean of the crltﬂrlon measure.

ummary: The 1nvest1gat10n of 1earn1ng h1erarch1es concern themselves w1th
questlons of poslt1Ve transfer

. =

Data ana1y51s procedures f1rst focused upon
assessrng the magnltude of p051t1ve transfer for one "hypothe51s of learnlng
;dependency", that 1s,

i <

one set of subordlnate behav1ors medlatlng‘to exactly one T

term1na1 behaV1ors. Strlngs qf nypotheses of 1earn1ng dependenc1es or-"learnlng

: h1erarch1es" were then Investlgated for sequestlal or cumu_atlve learnlng effects.
. S T e B

. Awre
PR 14 e d
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Pour procedures-are currently avallable for learnlng h1erarchy ana1y515°

Guttman scale, Gagn AAAS Comm1551onxon Sc1ence Educatlon and Walbesser—

e Elsenberg. L - A o ]
Item and measure statlstlcs for cr1ter10n referenced tests are rare. One
How many'crlterlon 1temg to .

A re11ab111ty estlmatlng_procedure is available.
sample for estnmatlng the acqulsltlon of a g1ven behavior is‘not known.‘ The

/‘d effect’ of_1ncrea51ng the number of assessment.tasks for a glven behavior upon

. dec151ons of presence *or absence are not known. The effects of changlng per

formancevtasks to paper and pencll ‘tasks. are not known. ~Much work st111 needs
s ‘:-‘\\(- .

x
‘to be done before any clear d1rect10n is apparent for- the 1tem and measure< .
statlstlcs assoc1ated w1th learnlng h1erarch1es and behav1ora1 objectlves
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' Research on: learnlng hierarchies may also be summarlzed 'in terms of hyp(-'
theses . supported Such a summary follows. o R . N

¢

S IL Research Hypothe515° The acqulsltlon of a term1na1 behavror depends‘upon f
_the. attalnment of a hierarchy of. subordlnate behaV1ors that mediate p051t1ve
trans< er from one set of behaviors to the next h1gher relevant behaviors in

“the sequence and ewentually to the terminal behaviox. ) SR S 3_->:§

A When the p051t1ve transfer must achleve a 0.75, 1eve1

Research Supportlng — ~ - Research Not Supportlng

~ the Hypothesis .~ ~° "7 o ..o R— the—Hypothe51s____~_g:

TGagne anderown '96‘v_ B | '
Gagne "and Paradlse _126 -
. Gagne, Mayor, Garstens, and Paradise 127 » _

. " ‘Gagne and the U. ‘M.Ma.P. Staff . 128 S o P o | -
Gagne and Bassler 129 . K N _.h ' o L
U.M.M2.P. Staff 30 - - .- oS
Donald F. Shriver 131 ) : |

' Neil W. Seidl 132~ . = .

“Otto D. Payton. 133 |

~ John R. Kolb 134
W1111am L. Gray 135 L : _ , _
Cox and Graham 136 f S L :_';' o L :
Henry H. Walbesser 137 - . i | | o o
Diana K. Hestwood 141 . o ':"’ iﬂ < S -

._The Un1ver51ty of WlSCODSln N -l - R .
R § D Center for. Cognltlve Learnlng- 142 : ' ' .ot

J. Marv1n Cook 67 .. e o
Ronald L. McKeen 107 2l .
: Theodore,A ‘Eisenberg . 106'“'.
'_Carol Van de Ree Dutton 153 o T
John R.-Shamnon 103 . L - R
Thomas E Rowan 61 . fi-, 4". ' .
- B. - When the p031t1ve transfer must achleve a 0.90 level.

‘Research Snpportlng . S _‘ s *Research.Not Supportlng
‘the Hypothe51s e ol o ’ the Hypothe51s _—“

Rl S

: ;Gagne and Brown 96 . f:';' o R M Ma P. Staff 130 -
'Gagne and Paradlse 126 . IR B Donald F. Shr1ver 131 '




/ - 58 - | W o .
| Research Supporting ) L o _ Research Not Supportlng .
v the Hypothe51s (Cont ) f X - the Hypothens (Cont ) '
S Gagne, Mayor, Garstens, and Paradlse 127~ Neil W.. Seidl | 132
. Gagne- and the u. .M.Ma.P. Staff 128 -~ - Otto D. Payton 133 _ =0 s
. Gagne and Bagsler 129 - © -~ John R. Kolb_134 - * - % =
"~Henry H Walbesser 137 ~ ©° William L. Gray 135 - T
- f"f*""_f o, Cox and Graham 136 . N
o A Dlana K.. Hestwood 141 ’
o - S . ' The Un1ver51ty of Wlscon51n
” o : “7TR § D'Center . - . 142 -
- : o o , | . J. Marvin Cook 67 -
o T | :" Ronald L. McKeen 107
: -’ - _év l : Theodore A- Elsenberg 106 ‘
> '"‘{,; »__'. John R/ Shansion 103 ’
o :;k<°; T Thomas Eg'Rowan 61 - e
. S . Carol Van deﬁ@ee ﬁutton 153
I1. Research‘ﬁypothe51s" G1ven the~same termlnal behav1or, the subord1nateﬂ o
| 'behav1ors 1nc1uded in a student or - student~r1structor generated -earnlng _ -f'-
h1erarchy do‘not correspond to the subordlnate behav1ors 1nc1uded in an - o
"expert" generated learnlng hlerarchy. 4 ff. - 33‘?7; DU A
'LResearch Supoorg&ng ;; A~-5ff“?r“?' “Research Not Supportlng
“the Hypothe51s j LT T ) the»Hypothe51s L
. Robert F. Mager 43 e | o o
| Mager ano Mcrann 63 _A o . -
~ Jerome D. Kaplan 102 1v5[;;f_2(., ' i .
. John R. Shammon - 103 . ¢ . T o PRI
Neil A. Davidson - 105 d - f;'l?:' S 'A;'ﬂwﬁ. . e i ;; S,
Theordore A. Elsenbergd'los 'd@:Q:Af‘ Lo g .]':_ QTTL-;At'_‘ - :
© Donald F. Shriver 131 - D S T [ R
. Neil'W. Seidl. 132" . . o s
Ronald L. McKeen 107 ;~ ;; | ':*~¢" o f::.i‘;xix - SR : ‘j. : ’: N
“em Lo



tl};.' Research Hypoth651s : The'greater thé"éteﬂtﬁo\ of the subordinate -

v

behavzors of a 1earn1ng hlerarchy, the greatﬁr the probablllty of

B retalnlng the term1na1 behav1or. i
,‘.v Research Supportlng i j:_'.ij . ReS\arch th.Suppdrting"
) *Li o . ;eague andUMMaP. 128
' é-' . ?Z' Gﬁgme and Bassrer 129
. ? : I Hﬂnby H. ‘Walbesser - 137
-;'IYi_ »Research Hypothe51s FolloWIng a student geﬂebated learnlég hlerarchy
T \f" results 1n greater acqu151t1on-0f the terminﬁl behavlérs*than f011ow1ng"“
. "exPert" generated 1earn1ng h:erarchy. S S e
s Research Supportlng . S R€Syarch Not Spppértiﬂé .
_ the Hypothesis.. - .~ . : . the Hypothesis o
o S , . Rﬂbert F. Mager '43
q'i; .o | '75 - e Mag@r and McCann 63

4!V'_u"Research Hypothe51s § Followlng a student genetated 1earn1ng h1erarchy

T

o ffincreases the rate- of acqulsltlon of the 1&*m1ha1 behaxlors OVer that/7
e achleved by followlng -an "expert" genérated lebrnlng h1erarchy.-'
- -1,Research Supporting . ;,.: o EeSEarch Not Supportlng _“; .
S : o the Hypoth851s o ’ S o o the Hypothesls
Mager and’ McCann 63 . e o L ;*: 4j“j
Allen and MacDonald 100 = o e T T e

_Campbell and Chapman 101

' ‘Vi‘ Research Hypothe51s" The enth behav1ors a STUdent possesses are. greater
' than the behaV1ors he- admlts possesszng whev-measured at the beglnnlng of
'1nstructlon wplch follows a. 1earn1ng hlerﬂTéhy

_ Research Supportlng"”"l . ‘  i; ‘_ #3search Not Supportlng K
- ‘the’ Hypothe51s Lo S .. .. the Hypothesis L
SlaterE Newman 64 . LT B

 Robért F. Mager 97 . - - T
. '+ Mager and C;ark 98 . 14ﬂ R -; — Rt
., Richard'S. Hatch 99 - LT .
¥ oo ,,1 K - | _:‘;; 451 .iA '_ %- | L L ;j : ”:.%(
- =63 ; . k



“VIT,

T

.Research H&pothe51s. Increa51ng the number and - Varlety of tasks 1ncreases

- the probab111ty of acqu151t1on of the termlnal behaV1or.
Research Supnortlng o . ‘ Research Not Supportlng '?f ) AR
" the Hypothe51s - e . . the Hypothe515n w-' :
5 | . | (;ag»ze and U.M.Ma P’ Staff 128
b 0 ce T . Gagne and Bassler 129 '
'vviII: 'Reseaich HyPothéSis.' Increa51ng the number and Varlety of'tasks 1ncreases _

. £ ) . ‘:.3" g om
the rate of acqulsltlon of the term1na1 behavlor- . "
Research Supportlng ﬁ . :"_n”*'l h Research Not Supnortlng

the~Hypothe51s _ i ‘ ’ ' the Hypothe51s ‘
C - '*(;agne andUVIMa P.- ;1-2‘8' -
S S o ' B :? %1 Gagne and Bassler 129 e
ix,,, Re*earch Hypothesas." The h1gher the ablllty of the learneg the smaller _
et the number of subordinate behav1ors 1n.& student of student 1nstructor ) e
generated learnlng h1erarchy. . E ' AR
'i'{_ Research Supportlng ST _J’ o Resaafch Not>Sunport1ng |
: the Hypothe51sr-_ = L ,-«ﬁ' " 'the Hypothe51s |
o LT T o Dbonsld E. Shriver 151+ .. -
- TEve. . Neil W, Se1d1 132 B o
_'X; ‘Resear ch Hypothe51s. Integratlng behav1ors from more than one content -
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